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[PtBLic—No. 23.]
AN ACT providing for the public printing and binding and distribution of public documents.
* * * * * *® *

Section 73, paragraph 2:

The Annual Report of the Secretary of Agriculture shall hereafter be submitted
and printed in two parts, as follows: Part one, which shall contain purely busi-
ness and executive matter which it is necessary for the Secretary to submit to the
President and Congress; part two, which shall contain such reports from the
different bureaus and divisions, and such papers prepared by their special agents,
accompanied by suitable illustrations, as shall, in the opinion of the Secretary. be
specially suited to interest and instruct the farmers of the country,and toinclude
a general report of the operations of the Department for theirinformation. There
shall be printed of part one, one thousand copies for the Senate, two thousand
copies for the House, and three thousand copies for the Department of Agricuiture;
and of part two, one hundred and ten thousand copies for the use of the Senate,
three hundred and sixty thousand copies for the use of the House of Representa-
tives, and thirty thousand copies for the use of the Department of Agriculture,
the illustrations for the same to be executed under the supervision of the Public
Printer, in accordance with directions of the Joint Committee on Printing, said
illustrations to be subject to the approval of the Secretary of Agriculture; and
the title of each of the said parts shall be such as to show that such part is com-
plete in itself.
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PREFACE.

The present Yearbook does not in form differ materially from its
predecessors, with the exception of the Yearbook for 1897, to which,
as explained in the preface to that publication, a special feature
had been added by direction of the Secretary of Agriculture, con-
sisting of articles from each chief of Bureau, Division, and Office
outside of those that are purely administrative, presenting ¢ in plain
terms the relation of the work of his Bureau, Division, or Office to the
farmer.” This addition made the Yearbook of 1897 consist of four
distinet parts instead of three, as usual. While the form has been
changed, the spirit of this special feature has by no means been
neglected in the present volume. -No attempt was made to secure an
artiele for this book from every chief relating to the general work of
his Division to the farmer, as was done last year—a course which
would have inevitably resulted in more or less repetition; but the
chiefs understood that it was the wish of the Secretary that the prac-
tical service rendered to the farmer by the Bureau, Division, or Office
contributing the article should be made apparent. A perusal of the
articles composing the present volume will show that in this respect
the Secretary’s injunction has not been overlooked. It has not, how-
ever, been found necessary to segregate such papers; hence, the pres-
ent Yearbook conforms tothe plan originally adopted, and consists of

_three parts: (1) The report of the Secretary of Agriculture to the
President for 1898, thus complying with the law, which preseribes
that the volume shall ‘‘include a general report of the operations of
the Department;” (2) miscellaneous papers, prepared with very few
exceptions by the chiefs of Bureaus, Divisions, and Offices of the
Department or their assistants; and, (3) a summary of useful infor-
mation, published in the form of an appendix. '

To the third feature of the present volume special attention has
been given with a view to increasing its scope and usefulness. While
preserving the main features of former years, an effort has been made
to give the Appendix of the present Yearbook the character of an
agricultural directory. Thus, in addition to the usual Department
directory and the directory of colleges and experiment stations, there
have been included lists of the principal officials having charge of
agriculture in the several States; of managers of farmers’ institutes; of

national and State dairy officials; of the several associations of cattle,
3



4 PREFACE.

horse, and sheep breeders, with their secretaries; of the State veterina-
rians and State health officers; of the forestry officers of the different
States and of the forestry associations; of the officers of the horticul-
tural and kindred socicties, ete. In this connection the Editor may be
permitted to call attention to the great difficulty of securing such
information, and to suggest that its publication in an edition of 500,000
copies for distribution to the farmers of the country should make it
worth while for the several officials interested, to themselves supply
the Department with the necessary data for the presentation of this
information in the Yearbook. If possible these data should be in the
hands of the Editor by January 31 of each yecar. '

In addition also to the usual statistical matter, including the crop
statistics and prices of farm produets and the imports and exports
of agricultural products and transportation rates, and in view of the
natural eagerness of the people for information regarding the new
dependencies, figures are given showing the foreign trade of Cuba
and of the Philippine Islands. Similar figures are not given for
Puerto Rico and Hawaii owing to the fact that in the main body of
the book are to be found special articles upon these islands.

Attention is also called to the review of the weather for the past
year, prepared by an expert of the Weather Bureau, and which pre-
sents a detailed weather record in comparatively simple form. This
review is continued from year to year, and promises to grow constantly
in interest and usefulness.

GEO. WM. HiLL,
Editor.
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YEARBOOK

OF THE

U. S. DEPARTMENT OF AGRICULTURE.

REPORT OF THE SECRETARY.

To THE PRESIDENT:

T have the honor to submit a report of the work of the Department
-of Agriculture for the year ending June 80, 1898. This report con-
tains a review of the operations of the several Bureaus, Divisions, and
Offices through which the work is carried on. For your own conven-
- ience and that of those who shall have occasion to peruse this report,
1 have preceded this general review with a summary, in which some
salient feature of the work undertaken by each of these several
Bureaus, Divisions, and Offices is very briefly indicated. Several
considerationsare also presented of a more general character relating
to the work of the Department and the services which I conceive it
should seek to render to the country, upon which some earnest recom-
‘mendations are based, and which have also been made the basis for
some of the estimates submitted by me for the appropriations for the
Department for the ensuing fiscal year, and to which the favorable
consideration of Congress is earnestly invited.

SUMMARY.

WEATHER BUREAU.

Observation and forecast stations have been extended around the
Caribbean Sea, to warn our fleets and merchant vessels of danger from
cyclones, and increased through the interior of the country, especially
in the mountain States, to enable the observer to inform fruit growers
of precipitation and sudden changes of temperature.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

Good work has been done by the Division of Vegetable Physiology
and Pathology in hybridizing the orange and other citrus plants, and
in the crossing of pineapples, whereby the size and vigor of the fruit
are much increased and the flavor greatly improved.

SECTION OF FOREIGN MARKETS.

Our knowledge of the islands of the Caribbean and China seas is
increased by timely publications of the Section of Foreign Markets.
9



10 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Our foreign trade in agricultural products is very extensive, being
over two-thirds of our domestic exports. It is steadily growing, while
the production at home of field produets that have been introduced
from foreign countries is rapidly increaging, causing a corresponding
decrease in agricultural imports.

BIOLOGICAL SURVEY.

While the Department is searching the world for seeds and plants
to diversify our crops and add new varieties to meet sectional require-
ments, the Biological Survey is determining the areas best adapted to
various crops and mapping the natural life zones of the United States.
It is a court of last resort, where birds and animals get a final hear-
ing regarding their relations to the farm and orchard. Their stomach
contents witness for or against them.

FARMERS' BULLETINS.

The Department is unable to give Members of Congress as many -
Farmers’ Bulletins as their constituents desire. As fast as scientists
find facts bearing on production, I think it wise to send them to the
farmers. The farmers want them, Congressmen desire to send them,
and appropriations to this end should be enlarged.

SCIENTIFIC EXPLORATION.

The Department has four scientific explorers abroad, getting seeds
and plants—one in Russia, one in the countries around the Mediter-
ranean, one in the China seas, and one in South America.

FORESTRY.

The treeless region is now getting vigorous attention from our
Forester, Mr. Pinchot. Species adapted to dry regions are being
introduced. The destruction of forests in the Northwest leaves des-
erts in many cases. The life history and rate of development of white
pine have been investigated and facts concerning them are in press.
Mvr. Pinchot is planning to introduce better methods of handling forest
lands in public and private ownership, the private owners paying the
expenses of Department agents who give instruction. A million acres
in twenty States are offered for experimentation and 100,000 acres are
now under management. Economic changes in lumbering will be the
result. Korest fires cause floods and droughts and consequently inter-
fere with production, especially in irrigated regions. A study of fire
prevention and fire fighting is being made. Wood supply is becom-
ing a matter of such interest that the Department deems it wise to
give it special attention.

SOILS AND TOBACCO.

Many States are interested in the heredity, flavoring; and fermen-
tation of tobacco, and the Department has these features under
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research. Farmers in the mountain States, who are making their
lands sterile by using too much water, require information regarding
its use in irrigation. The Division of Soils is getting facts for them.

POST-GRADUATE WORK IN THE DEPARTMENT.

After graduation atagricultural colleges, the Divisionsof the Depart-
ment of Agriculture might be opened for post-graduate study in
special lines, so that the best facilities in the land may be offered for
preparing teachers for the agricultural colleges and économic scientists
for Department work. :

THE GRASSES.

The best pastures produce animals at least cost. The Division of
Agrostology studies grasses and the grass requirements of localities.
Five hundred varieties grow in the Department gardens, and grasses
suitable for pastures, lawns, woods, and sand are studied. Foreign
grasses are tried in congenial zones. Iegumes are brought from .
abroad to meet peculiar conditions here. We have grass gardens in
arid and semiarid regions, where varieties from similar conditions in
the Old World are studied. The Department is endeavoring to find
grasses and legumes for worn-out lands in the East and South, and
binding grasses, to arrest sand drift, are getting attention.

DIVISION OF BOTANY.

The Division of Botany is at work to reduce our importations of the
little things that have been costing us $8,000,000 annually. Western
States are now growing chicory. In 1896 we imported 16,317,888
pounds; in 1898 we imported only 315,707 pounds of raw chicory.
The farmers of Michigan, Nebraska, and other States will now furnish
our supply. Ginseng is also a promising plant for cultivation. This
Division will make tests to protect farmers and merchants against
foul and fraudulently imported seeds, and test the importations of
the Department before distribution.

ECONOMIC CHEMISTRY.

‘We are not giving cconomic chemistry the attention it deserves.
We pay foreign countries very large sums for coal-tar products, for
example, while we have skilled chemists, capital, and raw material
in abundance at home. Our raw material is wasted along these
lines, while we are content to buy abroad; we employ, indirectly,
foreign chemists to work up for us foreign raw material. Attention
to this by the law-making power will find the remedy.

CROP STATISTICS.

The reason for having a Division of Statistics is that it will collect
. and publish information regarding the condition, acreage, and tend-
ency of production of the principal crops, and the number of farm



12 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

animals at home and abroad, so that the isolated producer may get
notice of quantities and probable demand as soon as those who deal
in these commodities. When this is well done, its value to the pro-
ducer is inestimmable. Strenuous efforts are being made to get the
truth concerning production, and great care is taken to publish results
for general information only.

AGRICULTURE IN ALASKA.

A practical scientist was sent to Alaska to select sites for experi-
mental work—to test grains and grasses, legumes and vegetables,
and study the possibilities of future production. He grew all of these
crops with great success. Alaska will grow, along the coast, oats,
barley, flax, rye, grasses, legumes, and vegetables of as good quality
as many of our Northern States produce. All the conditions for mak-
ing fine dairy products are favorable. We shall have the interior
explored next summer, in order that its capacity to support population
may be learned.

ROAD INQUIRY.

Good roads save time and expense. Steel rails are perhaps the
coming material where hard rock is not convenient.

EXPERIMENT STATIONS.

The experiment stations are more effective than ever before. The
annual appropriation by Congress of $720,000 is supplemented by
$400,000 from the States, and the stations are doing more original
work. The Department presents their results in Farmers’ Bulletins.
The feeding of mankind is being studied in connection with State
institutions, and information is distributed to-form the basis of
courses of instruction. All of our country west of the Missouri River
is interested in irrigation, and facts are being collated regarding soil
moisture, the supply and distribution of water, uniformity of laws
and court decisions relating to irrigation, and the requirements of
different crops in this regard.

NATURE STUDY IN THE COMMON SCHOOLS.

Congress endowed agricultural colleges that are revoluiionizing
methods of production. Nature studies, however, should be intro-
duced into the common schools, so that the young farmer’s mind may
be turned early to life-work studies. The teacher should get instrue-
tion in the normal school or agricultural college.

ANIMAL INDUSTRY.
REMEDY FOR FEVER TICKS OF CATTLE.
The Bureau of Animal Industry has continued its experiments in

dipping cattle to destroy the fever ticks, and a substance has been
found in which cattle may be dipped and which will destroy all the
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ticks on an animal in a single dipping. This method has been in
practical use for a short time only, and experiments are now in
progress to perfect it, so that dipped cattle from the infected districts
may be shipped north of the quarantine line during the entire year;
heretofore they have been restricted by quarantine during ten months
of the year. The value of this measure is beyond computation, both
to the stockmen south of the quarantine line and to the cattle feeders
and grain producers north of it. Demand is increasing at home and
abroad for fine beef, and this discovery is destined to remove one of
the impediments to its production.

REMEDY FOR HOG CHOLERA.

The Bureau has continued experimentation with antitoxin serum
for the prevention and cure of hog cholera. Congress, at its last ses-
sion, made an appropriation for this work, which became available at
the beginning of the present fiscal year. Buildings were erected at
our experiment station, and animals purchased to make the serum in
sufficient quantities to conduect extensive research. The results of
the previous year have been corroborated. Eighty per cent of the
animals treated were saved, while a like per cent of the check herds
not treated died. This justifies the Department in efforts to supply
in future to herdsmen throughout the country such serum as can be
made. It is for Congress to determine whether serum shall be given
free or a charge be made covering the expense of manufacture, which
would be about 15 cents for each animal.

EMERGENCY APPROPRIATION.

The nature of the work in the Department is such that future
requirements can not all be anticipated specifically in an appropria-
tion bill. Urgent needs of producers call for expenditures in special
directions through some of our scientific Divisions; the sudden appear-
ance of a bacteriological or insect pest; investigation of animal or
crop conditions in some section of the country; inquiry into condi-
tions in foreign countries where we sell or with whom we compete;
assistance to a struggling scientist to complete work of general agri-
cultural interest; exploration by scientists of islands coming into the
possession of the United States, and such like, suggest the wisdom of
appropriating a lump sum to be used by the Secretary of Agrlculture,
subject to the laws regarding vouchers and auditing.

INSPECTION OF FOREIGN GOODS.

There is an evident necessity for the inspection of many articles
imported from foreign countries that contain substances injurious to
the public health. The Department chemists are doing work along
this line which suggests a more comprehensive inquiry. At present
the Department buys samples for analysis in the open market. It
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may be necessary, where there is ground for suspicion and a necessity
for the identification of source, to open packages at ports of entry, as
it is proposed in foreign countries to do with our exports in certain
cases.

BUTTER SHIPMENTS.

The experimental exports of butter, by this Department to Great
Britain, which were commenced in the spring of 1897 and partially
reported upon a year ago, were continued until the close of the active
creamery year of 1897 and resumed at the opening of the season of
1898 upon an cnlarged scale.

Without anticipating the results of the present (or second) season
of these trial exports, it can now be confidently stated that much
additional information has been obtained in the line desired, and a
decided gain is evident in the favorable impression made by butter
of the first quality from creameries in the United States upon the
best class of the butter trade in Llondon and Manchester.

THE DEPARTMENT LIBRARY.

The books of the late Prof. F. von Baur, of Munich, have been
added to the collection on forestry in the Department Library, mak-
ing that collection very complete. The total number added during
the year was nearly 5,000, bringing the whole number of volumes in
the Library close to 65,000. This forms one of the largest collections
of books on agricultural topics in the world.

The Library is constantly used in the investigations conducted by
the scientific Divisions, and is kept up to date in its various branches
by the purchase and addition of the latest standard publications relat-
ing to matters in which the Department is interested. It is also used
to a considerable extent by persons not connected with the Depart-
ment, especially by teachers in the public schools and by students in
the science classes of the various educational institutions of the city.

EXPERIMENTAL GARDENS.

The distribution of young plants to various parts of the country
was continued during the year, reaching a total of nearly 190,000,
including bulbs. Among these were olive, fig, and camphor plants
and cuttings. Attention is called to the fact that the growing of rub-
ber plants even in the most favorable localities of Florida can hardly
be commercially successful.

The propagation of plants for general distribution has been con-
tinued, resulting in the accumulation of many thousands of plants of
various kinds.

PARIS EXPOSITION IN 1900.

Congress has imposed upon the Secretary of Agriculture the duty
of preparing for the Paris Exposition in 1900 an exhibit covering the
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agricultural resources of the United States (Groups VII, VIII, and
X—Agriculture, Horticulture, and Food Products). I am fully alive.
to the importance to American agriculture of this opportunity to
enlarge the knowledge and appreciation of the people of the Old
‘World of the extent and variety of the products which the bounty of
nature enables the American farmer to draw from Earth’s prolific
bosom. The first steps have been taken after consultation and in
cooperation with the Commissioner-General, and every effort will be
made to see that American agriculture is properly represented at this
great celebration. Should the appropriations already provided prove
inadequate, I feel confident Congress will not hesitate to enlarge them
rather than to have this important exhibitlacking in any single respect.

PRACTICABILITY OF EXPORTING DAIRY PRODUCTS.

Owing to better home demand for dairy products, it is not commer-
cially profitable to send butter to Europe at the.present time. The
home demand for our best butters absorbs-the supply. This is not
always the case, however, and the Department regards it wise to
obtain for dairymen all the facts relating to the export of this article
to the several commercial centers of both continental and insular
Europe. For this purpose the Department sent an agent to Paris to
ascertain what encouragement there would be to ship butter to that
point. It was found that no line of steamers sailing direct from the
United States to French ports could furmsh refrigerator space, and
so shipments could not be made during the heated period.- An agent
was also sent to Hamburg, to ascertain for our people what the facts
are regarding customs duties, as well as prohibitions and other diffi-
culties that might meet exporters of butter to that country.

Our finest butter can be profitably made and sent to both France
and Germany whenever the home supply is greater than the home
demand for first-class goods. The American farmer is selling cheap
grains and mill feeds to European dairymen, who meet us in European
markets with products made from raw material furnished by us.
There is every reason to believe that the tendency is growing within
our own country toward the consumption of grains and mill feeds at
home, exporting the higher-priced products of skill. As our pro-
ducers manufacture more and more on the farm and the great volume
of raw materials is turned into the higher-selling articles, we can
furnish fine dairy produects to European countries at a lower rate than
they can be produced under European conditions on dearer lands and
with dearer feeds.

The trade in American farm products is growing in the China seas.
Scientific inquiry into the principles that underlie the making of fine
dairy products is preparing our people to furnish butter in condition

- to be exported in air-tight packages, so that they will remain, sweet
for long periods in tropical countries. In order that markets may be
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opened up in Japan, China, and other countries of the Pacific Ocean,
an agent is now in that region establishing agencies to which the
Department will make trial shipments with a view to ascertaining all
the facts for the benefit of the dairymen.

INSPECTION OF DAIRY PRODUCTS.

The existing system of Government inspection and certification of
meats and meat products for export may be extended (with suitable
modifications) to include butter, cheese, and condensed milk for export
from the United States. '

The combined efforts of the Government and of commercial enter-
prise may succeed in the early establishment of a high reputation for
American butter in desirable foreign markets. But as soon as accom-
plished, this becomes liable to be destroyed by the cupidity of those
‘who, trading on this reputation, flood the same market with butter of
low grade, yet still entitled to export and sale as ‘‘ produce of the
United States.” This will disgust merchants and consumers alike
and reverse the reputation of our butter, just as the fine market in
Great Britain for our cheese was recently ruined by the quantity of
low-grade and counterfeit cheese which was exported without being
marked to show its true character.

The remedy seems to lie in extending and adapting the provisions
of law regarding the inspection of meats exported from this country
S0 as to make them apply to butter and cheese. The brandsof ‘‘pure
butter” and ‘‘full-cream cheese” should then be affixed by United
States inspectors to such products only as are of a fixed minimum
standard of quality. Such precautions, duly legalized and properly
executed, would place the good butter and cheese of this country in
foreign markets under the identifying label and guaranty of the
United States Government, leaving similar merchandise of lower grade
to find a place for itself, upon its own merits. It should be borne in
mind that dairy products of Denmark and Canada, which are the
chief competitors of the United States in the marketsof Great Britain,
bear the inspection certificate and guaranty of quality from their .
respective Governments, and thereby maintain a great commercial
advantage. :

Such a system of inspection is much desired by the most reliable
exporters, and the proposition has met with decided approval wherever
considered by fair-minded, interested parties. '

NATURE-TEACHING IN' THE COMMON SCHOOLS.

There is growing interest in education that relates to production.
All classes of intelligent people favor it. Congress endowed colleges
to teach it, and progress is being made, but not so rapidly as the
growth of our country demands. More knowledge concerning what
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the farmer deals with every day would enable him to control condi-
tions, produce more from an acre, and contribute more to the general
welfare. The education of our people in common school, high school,

and college has not been designed to prepare them for producing
from the soil, excepting the very few who have found their way into
our agricultural colleges. It is evident to educators in agricultural
science that elementary study should be introduced into the common
schools to give direction early in life.

Agriculture, horticulture, forestry, gardening, and landscaping are
delightful studies that attract people in all walks of life, but there is
erough to be 1ea.rned regarding each of these to require the devotion
of a lifetime. @The colleges and experiment stations endowed by the
Federal Government provide for training along this line for longer or
shorter periods at the institutions of the several States and Territories
designed for this purpose; but while encouraging progress has been
made in building up courses in these institutions that teach the
sciences. relating to production, instruction before going to college
and after graduation is lacking. Nothing is being done in most of
the common schools of the States to cultivate a taste for and lead the
mind to inquire into and store up facts regarding nature, so that the
. young farmer may be directed into the path that leads to education
concerning his future life work.

The great prerequisite is the education of the teacher. Most of the
States-have institutes'where teachers are required to assemble for
instruection in their work; there they should be met by lecturers from
the agricultural colleges who may be qualified to outline methods of
nature studies in the common schools. THe normal schools of the
States could give courses of instruction along these lines to those who
are fitting themselves for teaching in the high schools, so thatinstrue-
tion of a more advanced character might be given their graduates,
preparing them for and inclining them toward, the agricultural college.

PRACTICAL EXPERIMENTS IN NATURE TEACHING UNDER STATE
AUTHORITY. .

In New York, the College of Agriculture of Cornell University has '
a special State appropriation of $25,000 per annum to he used in aid-
ing the introduction of nature teaching into the common schools and
the carrying on of simple agricultural experiments in different parts
of the State. The plan followed has been to employ experts in the
different sciences to prepare brief leaflets containing lessons on dif-
ferent subjects for the use of teachers in the common schools. These
leaflets are distributed to teachers throughout the State, and there
has been such a large demand for them from teachers in other States
that arrangements have been made to sell them at a nominal price.

The professors and other agents of the university attend meetings
of teachers from time to time, to explam the scope of this work and to

3 A98——2
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show the teachers how to carry out simple instruction on nature
topics. Many of these leaflets relate directly to agricultural subjects.
For example, in one leaflet the teacher is instructed to Lhave the chil-
dren plant squash seeds, take some of them up at intervals to learn
how the seeds germinate, and watch what happens to the little plants
as they grow. At another time the children are encouraged to plant
little gardens and carefully watch some of the things that grow in
them; or they study some insect which preys upon fruit, or make col-
lections of the insects about their homes, or watch them to see whether
they are doing things good or bad for the farmer. This movement
has rapidly increased in popularity, and the leaflets are used in many
city schools a8 well as in those in the country. Hunds#ds of simple
experiments with fertilizers on potatoes have been carried on in differ-
ent parts of the State with some of the money above referred to. For
carrying on all this work the university has employed its teaching
force and a small corps of special agents and clerks.

In Indiana, Purdue University has undertaken a similar work,
though its funds have pot permitted it to make this very extensive. A
number of leaflets have been prepared by different members'of the
faculty and have been sent out to teachers throughout the State. In
a number of other States nature teaching has been introduced into
the common schools, but for the most part in the schools in the larger
towns and cities, whore there were teachers who had had some train-
ing in natural science. As a result of the widespread interest on this
subjeet, teachers’ manuals and text-books for instruction in this
branch are being prepared.

Without doubt the greatest difficulties in this matter are to over-
come the conservatism of local boards managing the country schools
and to get competent teachers.

FACILITIES OF THE DEPARTMENT FOR POST-GRADUATE
INSTRUCTION IN AGRICULTURAL SCIENCE.

Georger Washington, by his will, left property to be devoted to
university education in the District of Columbia. There is no uni-
versity in the land where the young farmer may pursue post-graduate
studies in all the sciences relating to production. The scientific Divi-
sions of the Department of Agriculture can, to some extent, provide
post-graduate facilities. Owur chiefs of Divisions are very proficient in
their lines; our apparatus the best obtainable; our libraries the most
complete of any in the nation. We can direct the studies of a few
bright young people in each Division, and when the Department
requires help, as it often does, these young scientists will be obtainable.

They should be graduates of agricultural colleges and come to the
Department of Agriculture through a system of examination that
would bring the best and be fair to all applicants. The capacity of
the Department is limited, Qut something can be done that will indi-
cate to Congress the value of the plan. The Department often needs
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assistants to take the place of those who are temppted to accept higher
salaries in State institutions. The opening of our laboratories to
post-graduate work would provide an eligible list from which to fill
vacancies as they occur, supply temporary agents, and be a source
from which State institutions might get assistants in scientific lines.

INVESTIGATION OF AGRICULTURAL RESOURCES OF INSULAR
DEPENDENCIES OF THE UNITED STATES.

- In the territories recently brought under the control of the United
States Government the agricultural interests urgently call for atten-
tion by this Department. While in all countries the agricultural
industry is admittedly of the first importance, this is especially true
of ITawaii and the West India Islands, which depend almost exclu-
sively for their prosperity upon their agricultural productions. It
behooves the Department to place itself at the carliest moment pos-
sible in a position to extend to the agriculturists of those territories
which have, or may, come under the United States flag, the services
and benefits whiclr it renders to the farmers of the United States.
The increased trade relations which may be looked for Detween the
United States and its insular dependencies, morcover, render the con-
ditions of agriculture in the latter and the character and extent of their
productions matters of profound interest to the people of the United
States. In the interest of our own agriculture, not only must the
agricultural resources of these islands then be studied closely and
intelligently, but the dangers which threaten agriculture in these
territories in the form of plant diseases or insect pests must be made
the subject of special investigation with a view to providing agriculture
therc with preventive or remedial agencies, and also to sceuring our
own agriculture from the possibility of their introduction into this
country. It is urgently necessary, thercfore, that Congress should as
speedily as possible provide a sufficient fund for the use of this
Department in making such investigations as may be necessary into
the agricultural resources and conditions in Hawaii, Puerto Rico,
Cuba, and the Philippines.

WEATHER BUREATU.

Tho presence of more than two hundred naval and transport ves-
sels Delonging to the United States in West Indian waters made it
apparent during thoe latter part of the fiscal year that the methods of
gathering information of the approach of West Indian hurricanes
were wholly inadequate. The safety of the fleet during the time of
severe atmospheric disturbances made it imperative that precaution-
ary mcasures should be taken at once.

OBSERVATION STATIONS IN WEST INDIES AND ON CARIBBEAN SEA.

A Dbill was therefore drafted and submitted to Congress June 16,
1898, authorizing the cstablishment and operation of observation
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stations throughout the West Indies and along the shores of the
_ Caribbean Sea. The provisions of the measure were incorporated in
the general deficicney bill, but did not become law until after the close .
of the fiscal year.

Arrangements had alrea,dy been made, however, to establish sta-
tions for making meteorological observations and displaying hurricane
signals at Kingston, Santiago de Cuba, Santo Domingo, St. Thomas,
Barbados, Dominica, Trinidad, Curagao, and Barranquilla.

‘When the West Indian service is fully established twice-daily
reports will be received, not only from the stations named, but also
from Habana, Nassau, Vera Cruz, Tampico, Coatzacoalcos, and
Merida. _

Although the primary object of the extension of the storm-warning
system to the West Indies was the protection of our large naval force,
other considerations of great importance make it a wise and benefi-
cent undertaking, and the improved storm-warning service will
largely benefit the commercial interests throughout the West Indies.

The Central Meteorological and Magnetic Observatory of Mexico
has begun the equipment of about thirty stations in the Mexican
Republic, with the most approved meteorological instruments, and will
establish a meteorological service similar to our own. When com-
pleted, an exchange of reports, especially those relating to the approach
of West Indian hurricanes and ‘‘northers” in the Gulf of Mexico, will
be effected.

NEW STATIONS IN ARID AND SUBARID REGIONS.

Congress last -session made ahv appropriation for the purpose of
increasing the number of stations in the arid and subarid regions of
the country, and provision has already been made to establish stations
at Kalispel, Mont. ; Boise, Idaho; Mount Tamalpais, Cal.; Flagstaft,
Ariz., and Fort Worth, Tex. Additional stations will soon be located
at Meridian, Miss.; Macon, Ga.; Lexington, Ky.; Elkins, W. Va.;
Evansville, Ind., and Escanaba, Mich. These additional stations,
besides assisting in the development of agricultural and industrial
interests in the States in which they are located, will be of material
benefit in improving the warnings and forecasts, especially for the
regions west of the Rocky Mountains.

AERIAL OBSERVATIONS.

Aerial observations by means of kites were continued during the
year. It was hoped to establish at least twenty stations, but it was
found that only sixteen could be completely equipped. The observers
chosen for the work werc called to Washington and given a practical
course of instruction in the art of flying and managing kites. It is
too early to express an opinion regarding the value of the observa-
tions already secured in the aerial work of the Bureau.
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LAKE CHARTS FOR VESSEL MASTERS.

To increase the usefulness of the Bureau in the Great Lake region,
a monthly chart was issued showing the lake ports at which storm
warnings are displayed, the localities in ports where information
respecting the weather can be obtained, the regions of fog, the pre-
vailing winds, and other statistical information respecting the wind
and weather on the lakes. ’ ’

" LOSSES TO FARM PROPERTY BY LIGHTNING.

The Bureau has begun the collection of statistics of loss to farm
property, including live stock in the fields, by lightning, so as to
determine the frequency of lightning stroke and the amount of prop-
erty destroyed annually by that agency.

EFFICIENCY OF THE BUREATU.

The efficiency of the Bureau was fully equal to the high standard
of the previous year. Four hurricanes which visited the Atlantic and
Gulf coasts during the fall were duly announced. The most severe
of thesessterms was that of October 23 to 26, which moved slowly from
off the Florida coast to the vicinity of Hatteras. It there increased -
greatly in intensity, and caused violent northeast gales along the
coast as far north as New England.

Owing to the duration of the storm in the vicinity of Hatteras, the
Bureau was enabled to make a definite prediction with regard to the
tide at Norfolk, Va., where, owing to the low level of the city, much
valuable property is liable to damage by inundation. Cotton and
other property valued at $850,000 were removed to places of safety.
As a'result of the warnings issued for this storm, between 800 and 900

-vessels remained in port aleng the Atlantic coast.

During the prevalence of one of three severe storms which passed
from the interior to the eastern seaboard during November, 1897, the
steamer Idaho, with 19 of her crew of 21, was lost on Lake Erie. This
vessel, disregarding the warnings of the Weather Bureau, left Buffalo
during the afternoon of the 5th in the face of storm signals which had
been flying since daybreak.

A remarkably violent wind and snow storm swept over eastern New
York and New England January 31 and February 1, 1898. The great-
est violence of the storm was felf along the New England coast, where
nearly two score mariners lost their lives and many vessels were
wrecked. Warnings of this storm were sent out the morning of the
31st and given the widest possible circulation.

Early in January and February, 1898, forecasts of freezing weather
in Florida were made in time to enable the residents of that State to
protect their early vegetables and fruit trees. Similar notices were
given regarding unusually low temperature in California.



22 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

There were five important floods during the year, and but for the
timely warnings given by the Bureau the losses would have Deen
much greater than they were.

Forceasts and warnings were at all times distributed with the
utmost dispatch, and the daily press has not only greatly contributed
to the success that has attended our efforts in circulating forecasts,

but has rendered valuable aid in disseminating special warnings of
cold waves, storm winds, frosts, ete.

There has been a great improvement in the instrumental equipment
of the Bureau, and no other similar territory in the world is covered
with such a complete equipment of instruments, recording climatic
and meteorologic phenomena.

CLIMATE AND CROP SERVICE IN ALASKA.

An agricultural experiment station having been established in
Alaska in April, 1898, an official of the \Veather Bureau was sent
there to organize a climate and crop service. The central station is
located at Sitka, and continuous registers of wind veloeity, sunshine,
temperature, and pressure will be made there.

TELEGRAPH SERVICE.

At one time the Federal Government owned and operated about
5,000 miles of seacoast and frontier telegraph lines. In 1891, 633
miles of these lines, mainly on the seacoast, were turned over to the
Weather Bureau. These lines enable the Bureau to receive early
information of changes in weather at exposed points on the coast, to
display storm warnings near several of the great highways of yessels
entering or leaving our ports, and also to contnbute largely to the

safety of vessels navigating our coasts.

STUDY OF METEOROLOGY.

The importance of the study of meteorology in the United States
has been kept in mind, especially in the assignment of observers to
duty at points where there are colleges or universities not already
provided with instructors in meteorology, and during the past year
the courses in meteorology have been strengthened in a large number
of high schools and academies.

NEED OF AN ASSISTANT CHIEF. -

Almost the entire time of the Chief of the Weather Bureau has
during the year been consumed in executive work, leaving him but
little time to attend to other duties. That work is constantly increas-
ing; therefore I recommend that an assistant chief of the Weather
Bureau be plovuled for. :
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. BUREATU OF ANIMAL INDUSTRY.

MEAT INSPECTION.

.

The Bureau maintaing a system of thorough inspection of meat
produets at one hundred and thirty-five abattoirs in thirty-idve
cities. This is an increase of seven abattoirs and two cities over the
fiseal year 1897. The work done has greatly exceeded any former
year, espeeially in the matter of pork products. This necessitated a
large increasc in the forece of cmployees, who were obtained through
examination by the Civil Service Commission. Their service has
been efiicient and satisfactory.

IFrom the tables furnished by the Chief of the I3urcauw of Animal
Industry it is learned that during the ycar there were 9,228,237 ante-
mortem inspections of cattle, 10,028,287 of shecp, 468,199 of calves,
and 31,610,675 of liogs, making a total of 51,335,398 inspections. This
is a total gain over 1897 of 9,025,291 animals, divided as follows: Cat-
tle, 1,178,212; sheep, 1,983,932; ealves, 19,2165 hogs, 6,043,931, The
condemnations at abattoirs were 104 cattle, 741 sheep, 67 calves, and
9,679 hogs—a total 0f 10,591,  The rejections in stock yards were 27,491
cattle, 9,594 sheep, 2,439 calves, and 66,061 hogs—u total of 105,585.
The number of condemned animals at abattoirs was 3,275 fewer than
in 1897, and the number rejected in stock yards was 27,247 greater.
These differences show the eareful work of the officials in detecting
discase previous 1o the slaughter of the animals.

The records for the post-mortem work show 4,433,181 inspections
of ecattle, 5,501,675 of sheep, 243,155 of calves, and 20,936,840 of
hogs.  Of the carcasses condemned, 10,018 were of cattle, 3,567 of
sheep, 34t of calves, and 77,579 of hogs; and of the parts of car-
asses condemned, 12,591 were of cattle, 287 of sheep, 52 of calves,
and 335,250 of hogs.

In addition to the above there were killed by ity inspectors 1,785
cattle, 1,509 sheep, 192 calves, and 14,698 hogs which had been
rejected in the stoek yards by officers of the Burcau of Animal
Industry. .

The meat-inspection tag, or brand, was placed on 14,515,753 quar-
ters and 963,014 pieces of beef, 5,448,477 carcasses of sheep, 217,010
careasses of calves, 680,876 earcasses of hogs, and 394,563 sacks of
pork.

The meat-inspection stamp was aflixed to 4,433,569 packages of beef
produets, 5,163 packages of mutton, and 10,145,048 packages of hog
produets, of which 374,131 contained microscopieally-examined pork.

The nuinber of ears scaled containing inspected meat for shipment
to packing houses and other places was 18,631.

There were issued 35,267 eertificates for meat produets which had
reccived the ovdinary inspection; these covered exports compris-
ing 1,256,716 quarters, 67,120 picces, and 735,814 packages of beef,
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weighing 839,650,091 pounds; 5,163 packages of mutton, weighin'g
324,996 pounds; 39,212 hog carcasses and (53,564 packages of pork,
weighing 244,956,482 pounds.

The cost of this work was $409,138.09, which makes an average
of 0.8 cent for each of the 51,335,398 ante-mortem inspections,
besides covering all the subsequent work of post-mortem inspection,
tagging, stamping, ete.

The cost of inspection has been growing gradually less year by
year. The~average cost per head was 4% cents in 1893, 1% cents in
1894, 1.1 cents in 1895, 0.95 cent in 1896, and 0.91 cent in 1897.

The number of animals inspected before slaughter is shown in the
statement below. The figures for 1897 are given also as a means of
comparison.

Animals inspected before slaughter for abattoirs, 1897 and 1898.

Fiscal year. Cattle. | Calves. Sheep. ‘Hogs. Total.
1897 oo e e 4,280,058 | 259,930 | 5,179,643 | 16,813,181 | 26,541,812
b1 RN 4,552,919 | 241,092 | 5,706,092 | 20,713,863 | 31,213,966
Increase .. ... ooooooceooaeoooo. 283,861 | 118,848 526,449 | 3,900,682 4,672,154
1 Decrease.

MICROSCOPIC INSPECTION OF PORK.
\

The examination of pork and pork products shows that better
results are obtained by making the inspection in the carcass than
when samples from cured meat arée examinéd. The following table
shows this fact quite clearly:

Comparison of inspections from carcasscs and from pieces.

Samples. From carcasses. From pieces.
) Number. |Per cent.| Number. Per cent.
Cla8S A o cetee e eciee e, 1,892,131 98.148 | 864,042 98. 747
Class B . oo it ceeceeeee e 15,729 .816 5,064 .59
[0 T U R 19,978 1.036 5,902 .674
Total ._.._... e e et et e 1,927,838 | 100 875, 008 160

The samples of pork submitted for microscopic examination were
classified as follows: Class A, samples in which no sign of trichinz,
living or dead, or calcified cysts are found; Class B, samplesin which
degenerate trichins cysts are found, but in which the body of the
parasite is not recognizable; Class C, samples in which recognizable
bodies, living or dead, of trichins are found. All hogs belonging to
the latter class must be condemned and disposed of according to sec-
tion 20 of the regulations dated June 14, 1895.

The number of certificates issued for microscopically examined pork
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was 20,158, covering shipments aggregating 373,366 packages, weigh-
ing 120,271,659 pounds. Of this quantity, 698 packages, weighing
161,303 pounds, were exported to countries not exacting a certificate
of microscopic inspection.

The cost of microscopic inspection was $171,040.94, an average per
specimen examined of 6.1 cents, or an average of 0.142 cent for each
pound exported. This cost per pound for the inspection of pork
shows a remarkable reduction from the cost in 1897, when it was
0.256 cent. The cost in ™96 was 0.264 cent; in 1895, 0.2 cent; in -
1894, 0.248 cent.

The microscopically inspected pork for 1898 reached the enormous
amount of 120,271,659 pounds. Only 161,303 pounds of this went to
countries not requiring inspection. In 1897, 43,572,355 pounds of
pork were inspected mxcroscoplca,lly, 1,001,783 pounds of which went
to countries not requiring inspection. These figures show that coun-
triesrequiring inspection received from usin 1898, 120,110,256 pounds -
of pork, as against 42,570,572 in 1897—an increase of 77,539,784 pounds.
It is worthy of note here that the amount of pork microscopically
inspected in 1898 exceeded the total amount of the three previous
years by 18,703,906 pounds.

The number of samples examined increased 49 per cent over last
year, the expense increased 53 per cent, and the exports increased
176 per cent.

INSPECTION OF VESSELS AND OF ANIMALS FOR EXPORT.

The number of inspections of American cattle for export was
859,346, and 1,438 head were rejected; 297,719 inspections of Ameri--
can sheep were made and 180 head rejected. The number of Cana-
dian cattle inspected was 19,397, of which 5 were rejected; 29,497
Canadian sheep were inspected and 38 of them were rejected.

The number of clearances of vessels carrying live stock was 971, as
against 954 in 1897.

Inspectors of the Bureau of Animal Industry in Great Bntaln
inspected cattle from the United States to the number of 381,420 and
sheep to the number of 151,863; cattle from Canada, 17,164; sheep
from Canada, 27,912. This shows an increase of 20,898 cattle and a
decrease of 9,408 sheep when compared with the report for 1897. The
number of head.of cattle lost in transit in 1897 was 2,323, or 0.61 per
cent, as against 907 head or 0.23 per cent for this year. The number
of sheep lost'in transit in 1897 was 2,676, or 1.39 per cent, as aga.inst
1,618, or 0.89 per cent, for this year.

The cost of the inspection of export animals, the supervision of
Southern cattle transportation, and the inspection of animals imported
from Mexico was $101,210.55. It is estimated that half of this expense
is on account of the export inspection, and, with this as a basis, the
cost of inspecting the 548,419 domestic cattle and sheep exported was
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$50,605.28, or 9.2 cents per head. The number of inspections made
of these animals in this country was 1,157,065, and in Great Britain
533,283, making a total of 1,690,348, the average cost of each i inspee-
tion being 2.99 cents.

Following is a statement showing the inspection of domestic cattle
and sheep for export, and number exported for 1898, compared with
1897:

Inspections and cxports of domestic cattle and sheep, 1897 and 1898.

. .
Cattle. Sheep.
Yeaxr. Number Number -

: Number Number

i Oftii!‘l);l;‘tfﬁ- exported. °ftli%:1§e' exported.
1807 e s 845, 118 390; 554 348,168 184, 506:
1808 e e ceee e . 859,346 400,512 207,719 147,907
Increase (1) or-deereass (—) -cceceecacceeona] + 14,230 +9,98 | — 50,389 — 36,680

-

SOUTHERN CATTLE INSPECTION.

During the quarantine season of 1897 there were reeeived and
yarded in the quarantine division of the various. steck yards 35,317
cars, containing 972,224 eattle; the numberof cars cleaned and disin-
feeted was 35,280.

In tho noninfected area in Texas 225,096 cattle were inspeeted for
the identification of brands, prior to removal to other States for
grazing.

INSPECTION OF IMPORTED ANIMALS.

" The number of animals imported from Mexico and inspected at the
ports of entry along the boundary line eomprised 177,772 cattle, 64,207
sheep, 104 swine, and 3,053 goats:

There were imported from Canada for slaughter, milk productlon,
grazing, feeding, etc., and not subject to quarantine detention, 79,907
cattle, 184,352 sheep, 374 swine, 2,998 horses, 2 goats, 8 mules, I deer,
and 6 buffalo, of which 385 cattle, 6,367 sheep, and 217 swine were for
breeding purposes.

INSPECTION OF HORSES AND HORSE PEODUCTS.

The appropriation bill for the fiseal year 1899 eontains a provision
‘“that live horses and the careasses and produets thereof be entitled
to the same inspeection as. other animals, carcasses, and products
thercof” named in the bill. Twe abatteirs have so far been estab-
lished, one at Linnton, Oreg., and one at Brighton, Mass. The latter
has been in operation but a few days. The former commeneced opera-
lions on August 1, and during that month 721 horses were inspected,
88 of which were condemned. In September there were 905 inspeec-
tions and 33 condemnations. The percentage of condemned animals
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is large, and 1s an indication that no mistake is made in extending
inspection 1o horses. These abattoirs slaughter horses exclusively.

Regulations are being formulated for the inspection of live horses
for export. It is believed such inspection will stimulate the demand
abroad for our horses, especially in England, where the question of
inspection of American horses has already bheen discussed {o some
extent.

PAYMEXNT FOR MICROSCOPIC INSPECTION.

While the worlk at tho abattoirs becomes more thoroughly systema-
tized from year to year and the cost of inspection per pound of meat
has become gradually less, the great extension of the work necessa-
rily increases the total expenditures. The question as to whether the
Government, should continue to pay the cost of this inspection, or
whether the expense should be borne by the slaughterers, is one
whieh, in my opinion, ought to receive early consideration. As bear-
ing upon this feature of the question, I quote from my report for 1897:

While I believe the general inspection of meat for sanitary purposes should be
made by the Government, without charge to the slaughterers, the microscopic
inspection to a great extent is a commercial inspection, and the cost of it could
be more legitimately assessed against the trade which it benefits. If the packers
paid the cost of the inspection there would be no longer any reason for dechmng
to extend it to all who apply for it,

EXPERIMENTS WITH 1OG CHOLERA.

The experiments eonducted in the fall of 1897 upon hog cholera and
swine plague proved so encouraging that Congress made a special
appropriation for the purpose of continuing the work. The bill was
late in passing, and further time was consumed in making the neces-
sary preparations to carry on the work on a sufficiently practical scale.
Material to inject about 1,000 animals was sent to the agent of the
Bureau of Animal Industry in Iowa, where the first test is Deing
made, and reports already received indicate that about 80 per cent of
the animals treated were saved, while‘in the check herds barely 20 per
cent were saved. ,

On account of the time required to seeure a supply of this serum,
the quantity so far produced has not been adequate to give suflicient
~data upon which to base definite conclusions; but the results so far
obtained are gratifying indeed, and it is deemed advisable to continue
the work another year. The production of serum is being steadily
increased, and in a short time a large and regular output will be
assured. It remains only to test the remedy upon a sufficient scale
and to perfeet the method of procedure.

A grave question now presents itself in connection with this sub-
jeet. I refer to the manufacture of the seruin in quantities sufficient
to supply the prospective demand. The necessity for its manufacture
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without the temptation inseparable from purely commercial under-
takings to cheapen the product is manifest. It is obviously of the
utmostimportance that this serum should be produced of the requisite
strength and purity until the efficacy of the treatment is thoroughly
understood*and appreciated and a rcliable standard is established, as
in the case of other remedial agents, and the interest of the public
demands that this discovery, having been made by public officials at
public expense, should not be diverted to private profit. It must be
supplied for the benefit of all at a minimum of cost; and, under the
circumstances, I can see no alternative but that the manufacture
should be continued under Government control, at least for some
years to come.

TUBERCULOSIS.

The study of tuberculosis, with reference to.both men and animals,
has been continued, and the results so far obtained indicate that
experiments already begun in this line should be continued, as there
is a prospect of more satisfactory results.

TEXAS FEVER.

Experiments in dipping cattle to kill the ticks which cause Texas
fever were continued, with the gratifying result that a substanee has
been found which will destroy all the ticks on an animal at a single
dipping. In order to test the experiment on a large scale, about a
thousand head of cattle were dipped at IFort Worth, Tex., and thence
shipped to northern Illinois and placed in pastures with susceptible
cattle. The ticks were all killed by the dipping and the cattle did
not communicate the fever to the susceptible cattle. An equal num-
ber were_dipped at Mammoth Spring, Ark., with equally successful
results. The importance of this measure can hardly be overestimated,
and prominent stockmen consider that it is worth millions of dollaf's,'
" both to cattle raisers below the quarantine line and to the feeders
and grain producers north of the line.

These encouraging results have led to a demand for dipping sta-
tions at many other points, and arrangements are now being made for
perfeeting the dipping process and for securing the_establishment of
such stations before the next quarantine season at points convenient
for shipment and inspection.

“~ INVESTIGATION IN BLACKLEG.

The demand for blackleg vaccine has increased very much during
the year. More than 355,000 doses have been sent out. The results
received from its use indicate that the percentage of loss in herds
has been reduced from 10 to 20 per cent to less than 1 per cent. This
means not only an immense saving to cattle raisers, but, if generally
used, will tend to eradicate the disease completely.
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DIVISION OF CHEMISTRY.

The Division of Chemistry during the past year has continued its
work on the composition and adulteration of foods. An elaborate
bulletin, treating of the composition of cereals and all cereal produects,
represents the results of the principal amount of work in this direc-
tion. Another bulletin is deveted to the composition and uses of
Indian corn, and this bulletin was prepared especially for presenta-
tion at the Third International Congress of Applied Chemistry in
Vienna, which met in July, 1898. The bulletin has proved of sucl¢
interest to Europeans that permission has been asked for its transla-
tion both into Italian and Frénch.

OFFICIAL AGRICULTURAL CHEMISTS.

The cooperation of the Division with the Association of Official
Agricultural Chemists has continued with mutual benefit. As a.
result of the systematic study of methods of investigation of soils,
fertilizers, and agricultural products, the United States has now a
uniform method of research, everywhere practiced and recognized as
official by both trade chemists and the courts of justice. European
nations have been impressed with the value of this cooperative work,
and are now organizing similar associations. In view of these facts,
the propriety of recognizing in some official way the Association of
Official Agricultural Chemists is evident. Congress should enact
some special recognition of this association, so as to establish more
fully its official character and render its proceedings more valuable,
not only in scientific matters, but also in the courts.

STREET SWEEPINGS ETC

The importance of disposing of street sweepings, garbage, and other
refuse of cities has engaged the attention of the Division, and a con-
siderable degree of progress was made in studying the agricultural
value of these matters.

STUDY OF TYPICAL SOILS.

In the study of typical soils in the vegetation house it has been
developed that meteoric influences other than those relating to pre-
cipitation have a great influence on crop production. The solar
influences are evidently of great importance, and the distribution of
solar heat is a factor not to be neglected.. Excessive or deficient
temperatures at critical stages of the growth of a crop are factons of
prune importance in final products

* COOPERATIVE WORK.

The Division has been engaged in important cooperative work with

the Treasury Department and other Departments of the Government.
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The Chemist was appointed, with my approval, by the Secretary of
the Treasury, chairman of a commission charged with the work of
preparing the regulations for determining the amount of duty to be
collected on imported sugars. The commission also instituted a series
of investigations in the several ports of entry to investigate the man-
ner in which the regulations were carried out. The Chemist, as a
member of the international commission for unifying methods of
sugar analysis, presented at the Vienna congress an important con-
tribution in regard to this desirable agreement.

"A further cooperation of the Division with the Treasury Depart-
ment resulted in obtaining data in the cxaminations which were con-
ducted of a character that served to save the Treasury a very large
sum of money claimed as rebates under a provision of the law per-
mitting the repayment of taxes collected on alecohol which was used
in certain arts. Important eooperation of the Division was also
secured in connection with the Post-Office, State, and War Depart-
ments. The Division of Chemistry holds itself in readiness to comply
in the shortest possible time with all reasonable requests of the other
Departments for chemical services.

SUGAR-BEET AND FOOD INVESTIGATIONS.

The Division continued during the year its investigations of the pos-
sibilities of producing high-grade sugar beets in various parts of the
United States. As a result of the extensive chemical studies con-
ducted, the area suitable to the production of the best beets has been
more definitely delineated. A few years more of studies of this kind
will mark out in a practical manner the areas where beets of the
highest grade can be produced.

‘In the work on food adulteration interesting investigations have
been instituted in the examination of food products imported from
foreign countries. Critical studies of agricultural imports from the
countries which exclude similar imports from our country on the
ground of adulteration or unwholesomeness will be continued.

NEW LABORATORY.

The old quarters used by the Division of Chemistry having proved
inadequate for the rapidly increasing work of the Division, a new labo-
ratory has been leased, where more ample facilities will be afforded.

DIVISION OF ENTOMOLOGY.

GENERAL INVESTIGATIONS.

. .

General investigations have been carried on in this Division through
the year upon insects injurious to garden crops, to shade trees, and to
citrus treesand fruits. The general experimental work, with remedies,
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has comprised cspecially careful investigations of the availability of
hydrocyaniec-acid gas in the disinfection of seeds in bulk and of plants
and nursery material, and further experiments with arsenicals and
various oil mixtures in order to determine their effects on plants in
dormant condition and in foliage. One of the cxpert assistants of the
Division visited Europe for the purpose of studying the methods of
controlling injurious insects in the Old World, with a view to deter-
mining their value and applicability to our own country, and in order
to study the conditions of climate, forest growth, and method of cul-
ture in their bearing on the abundance or absence of injurious insects
and the methods of prevention of insect injury.

SPECIFIC INVESTIGATIONS.

Specific investigations of importance mmay be mentioned under the
following heads:

WORK ON INSECTS FROM ABROAD.,

Careful investigation of the so-called Morelos orange fruit worm, a
species which it is feared may be accidentally introduced into the
orange groves of California and Florida, has been made. The distri-
bution of this insect in Mexico was unknown even to Mexicans, and
the fears of this country were considered by Mexicans to be largely
imaginary. This season’s investigations, however, prove that this
destructive fruit worm is distributed throughout all of Mexico east of
the Sierra Madre Mountains, and that it may at any time be intro-
duced into California in early fall oranges imported from that region.

A preliminary attempt has been made to introduce from southern
Europe into California an inseet which is responsible for the fertiliza-
tion of the Smyrna figs of commerce. The Entomologist visited Cali-
fornia in the spring of 1898 and found that conditions were ripe for
such an attempted introduction, and an agent in Europe will, during
the eoming year, endeavor to take the necessary steps to bring about
this introduetion, which, it is hoped, will result in the production by
California of a fig equal to the Smyrna fig.

A successful importation has been made of an important parasite
of certain large scale insects.

THE GIPSY MOTH.

By direction of Congress, the Entomologist made a careful study of
the work which has been done by the State of Massachusetts against
this imported insect pest, and has reported that after careful field
study extending over practically the whole summer, he is convinced
that Massachusetts is taking the proper course in making large appro-
priations to exferminate the insect, and that the work is being carried
on in a manner worthy of all praise.
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THE MEXICAN COTTON-BEOLL WELEVIL,

The work which hus been carried on during the season has developed
a new and important spring remedy against this insect, and this,
together with earlicr results achieved by this Division, have now put
Texas cotton planters into possession of a knowledge of how to
economically keep their fields free from this injurious species, which
was recently thought to threaten the destruction of the entire crop of
the State.

CHINCH BUG AND HESSIAN FLY.

During the year investigations have been made upon these two
well-known and very injurious insects, and a comprehensive bulletin
upon each species has been completed and is now ready for the printer.

OTHER INVESTIGATIONS.

Other important work carried on under this Division during the
year has included the sending successfully of beneficial species to
foreign Governments suffering from outbreaks of the white or fluted
scale, the preparation of an account of the work accomplished during
the past two years against the San Jose scale, an investigation of the
injurious grasshoppers of the Western States, work upon remedies to
be used against the house fly, suggested by the growing belief in the
importance of this insect as a carrier of disease, work upon the geo-
graphic distribution of injurious insects of the Urited States, and
experimental work in apiculture.

BIOLOGICAL SURVEY.
LIFE ZONES AND CROP ZONES.

With a view to determining the areas best adapted for various
crops, the Biological Survey has been engaged for several years in
collecting data for mapping the natural life zones of the United
States. A detailed study of the distribution of the native animals
and plants has been made in the belief that areas inhabited by indig-
enous species coincide with those most suitable for certain varieties
of fruit and cereals and for breeds of domesticated animals. This
investigation has now progressed far enough to permit the publica-
tion during the past year of a revised map of the life zones of the
United States and two reports containing the results, of more general
interest to farmers and horticulturists.

One of these reports comprised a description of the life zones and
crop zones of the United States, with lists of the more important varie-
ties of fruits and grains adapted to each area; the other an investi-
gation of the geographic distribution of some of the more important
cereals. The latter bulletin, based on reports from more than a thou-
sand grain growers, showed the areas in which about thirty of the
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more important varieties of corn, wheat, and oats are now profitably
cultivated, and the regions where these varicties may be expected
to succeed. Field work was continued during the year in Washing-
ton, Oregon, California, Nevada, British Columbia, and northern
Mexico for the purpose of obtaining data for use in outlining the life
zones with greater precision than had hitherto been possible in these
regions. )

ECONOMIC RELATIONS OF MAMMALS AND BIRDS.

The Biological Survey is often called upon to determine the value
of birds and animals to practical agriculture. It is in effect a court
of appeal in which complaints are investigated concerning those
species which are considered injurious to crops. A careful study is
made of the food of useful and injurious birds and mammals, and
thousands of stomachs of birds are examined in the laboratory. Two
thousand three hundred and twenty-nine stomachs, mainly of spar-
rows, swallows, and woodpeckers, were examined during the year.
A report has been prepared on the native cuckoos and shrikes, and
reports on flycatchers and native sparrows are in preparation. Sev-
eral of the latter birds feed largely on weed seed during the winter,
and it is a matter of no little interest to determine how far they can
aid the farmer in checking the increase of mnoxious weeds. The
importance of this work is emphasized by the increasing demand
made on the Department for information and publications on birds,
in consequence of the recent widespread popular interest in orni-
thology.

FUTURE WORK. .

Asthe work of the Biological Survey becomes more generally known,
the demands for information, maps, and reports increase far more
‘rapidly than the means for meeting them. Biological maps of cer-
tain States and maps showing the distribution of particular mam-
mals or birds are sought not only for reference but for purposes of
instruction. Local biological surveys have been planned or have
already been inaugurated in several of the States, and the Depart-
ment has been appealed to for assistance in this work, but it has thus
farbeen unable to actively cooperate through lack of sufficient appro-
priations for the purpose.

The work for the immediate future comprises a combination of field
work outlining the life zones of the Pacific coast, investigations on
varieties of fruits, vegetables, and field crops similar to that already
undertaken in the case of cereals. An investigation which is of spe-
cial interest at this time is a thorough examination of the fauna and
flora of the tropical region which lies along our southern border and
enters the United States at several points. Our new island posses-
sions are entirely within this region and present an inviting field for

2 A98 3
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exploration. As their resources become more generally known the
question of what semitropical or tropical produects can still be profit-
ably grown in Florida and the Gulf States is likely to become a very
important and practical one in several of the Southern States.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

" The work of this Division is carried on with a view of obtaining
additional light on the conditions governing the growth and produec-
tiveness of cultivated plants, with special reference to diseases, nutri-
tion, and development of new and improved sorts by breeding and
selection.

RESULTS OF INVESTIGATIONS.

During the year valuable knowledge was obtained relative to
increasing the sugar and starch producing power of plants and the
effect of soil foods on their growth and productiveness.

The study of diseases of truck and garden crops and of crops grown
under glass has been continued, and methods of preventing several
of the most destructive, such as black rot of the cabbage and the leaf-
spot disease of melons, celery, and violets, given to growers of such
crops through bulletins or by correspondence. .

Smuts and rusts of cereals have received much attention. The
latest and best methods of preventing smut were given to the public
through a Farmers’ Bulletin, and much valuable knowledge relative
to rust was gained.

In the study of diseases of citrus fruits and other subtropical plants
special attention was given to sooty mold and blight of the orange
and blight of the pincapple.

On the Pacific coast peach-leaf curl, apple canker, a bacterial disease
of English walnuts, and a new bacterial bulb disease have received
especial attention. Important results have also been obtained from
a study of other diseases prevalent in different parts of .the country
on the apple, pear, peach, plum, and other fruits, on crops of various
kinds, and on forest and shade trees.

HYBRIDIZING,

The work of hybridizing the sweet orange with the hardy trifoliate,
with a view of obtaining a variety resistant to cold, was pushed, and
about one hundred and fifty hybrids obtained. In addition to this
about one thousand hybrids of other citrus plants were obtained.
Considerable work was done in crossing pineapples, and as a.result
two hundred and fifty-nine hybrid seedlings were secured. These
produced plants of great vigor and confirmed the belief that by this
means there may be produced fruits which will be larger, of better
quality, better shippers, and more resistant to blight. Similar work
was carried on with pears and with wheat and other crops.
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ROUTINE WORK.

About six thousand leiters relating to discased plants and other
lines of work were answered during the year, and about twelve thou-
sand specimens of digease-produeing fungi, representing six hundred
different speeies, were prepared for distribution to the experiment
stations. Much time was also devoted to thie preparation of bulletings
and papers on results of investigations.

SEED DISTRIBUTION.

Finding it desirable to separate the seeds to be distributed by the
:li'i nent into three elazses and to place the distribution of each
£ seeds under the control of a Division or Seetien, which in a
g“"atm' or less degree is interested in the charaeter of the seeds dis-
tributed, T assigned to the Seed Division the distribution of vegetable,
flower, and ficld sceds; to the Section of Sced and Plant Introduction
the collection and distribution of foreign sceds, and to the Division of
Chemistry the distribution of sugar-becet seed, the entire work of seed
distribution being placed in charge of the Assistant Secrelary of
Agricultare.

Kvery effoit is made Lo so place the sced that the Lest resuits m 13
be obinincd. Nean l" all requests were comp me*d with, none being
refused when it was possible to send seed. In a number of case
spoeinl purchases of seeds not ineluded in our contract were made for
that purpose.

Yith fow exceptions tho reports from persons who have received
and planted the seed have been favorable.

While 14 is too early to determine the value of the seeds introditeed
from foreign conuntries, I am sutisfied that soine varieties will prove
v m*v desirable.

i'he vegetale, fdower, and field seeds were distributed by cur con-
tractor ab Toledo, Ohlo, under the supervision of the sneecial agent
nd with the aid of elervieal help sent from this Department.

CONGREBSTONAL, AND MISCELLANROUS SELD DISTRIDUTION.
The seeds distributed under direction of the Seed Division during
the fisenl yeav ending June 30, 1808, ageregated 15,702,914 papers and

cloth bags, as follows: Vegetable, papers, 14,2 i%,o“ flower, papers,

A 54 1

1,234,057; fieid, papers and bags, 205,330.

Ol ihe 15 70-..)] 4+ papers and bags of seads disivibuted, 13,599,536
papers and cloth sacks of vegetable and fiekl seed were dahma.( 4
to Seaators, Representatives, and Treiegatos in Congress (by their
allotments); 751,170 papers of flower and vegetable seeds to corre-
spondents of the Division of Statisties; and 889,460 papers and bags
of vegetable, flower, and ficld sceds to the State granges. 'i'he re-

nder were distributed to Weather Bareau observers, experiment
1
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DISTRIBUTION OF FOREIGN SEEDS AND PLANTS.

Prot. N. E. ITansen was appointed a special agent of the Depart-
ment for the purpose of securing foreign seeds and plants valuable
for introduction into this country. Under the direction of the Sec-
tion of Seed and Plant Introduction, Professor Hansen during the
past year visited portions of Russia and Siberia and succeeded in
collecting 57 varieties of vegetable seed, 289 of melon, 75 of fruit
and berry plants, 150 ornamental plants, 70 wheat, 14 barley, 20 oats,
6 rye, 70 forage plants, 5 oil-producing plants, and a large number of
miscellaneous seeds of desert plants, ete.

Upon arrival, these seeds and plants were put up into about 5,000
packages by the Section of Seed and Plant Introduction and sent out
largely to State agricultural experiment stations, and to such reliable
cultivators as had shown a willingness to cooperate with the Depart-
ment by making reports as to the success of these imported plants.

‘While it is too early to predict the value of most of the introdue-
tions, the most promising are a variety of alfalfa, seedlings of the
Siberian apple (imported for experimenting in the Dakotas), a new
orange-fruited raspberry, and a Russian sand vetch.

DISTRIBUTION OF SUGAR-BEET SEED.

In the distribution of sugar-beel seed, they were sent to the sections
that were thought best adapted to their use. The agricultural experi-
ment stations were included in the distribution, and persons to whom
sugar-beet seed were sent were advised that the State experiment
stations would make analyses of the sugar beets grown in each State.
Very cordial cooperation has been brought about between the Depart-
ment and the State experiment stations.

The sugar-beet seed were purchased from Vilmorin, Andrieux &
Co., in Paris, and from Dippe Brothers, in Quedlinburg, Germany, and
distributed by the Division of Chemistry. In all, 34,436 pounds of
seed were purchased, and partly distributed in bulk and partly in
- packages containing about 18 ounces each. Large quantities were dis-
tributed by Members of Congress, and 40 pounds of extra high-grade
seed were distributed among experiment stations for use in the pro-
duction of seed.

SECTION OF FOREIGN MARKETS.

In the Section of Foreign Markets a radical departure was made in
the study of our relations with foreign markets by promptly diverting
it to the field opened by the prospect of changes in Hawaii and the
West Indies. The advantage of this was demonstrated by the
demand for publications in that connection.
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REPORTS ON COMMERCE OF HAWAII, SPAIN, AND PUERTO RICO.

A report on the commerce of the Iawaiian Islands was issued dur-
ing the discussion of annexation. It covered the past ten years and
gave special attention to trade with the United States.

When war with Spain was imminent, a rapid investigation of the
extent and nature of the commerce of the people of that country was
made. By quick and intelligent action information was obtained
from Spanish official reports showing the foreign trade of Spain in
detail, and the amount and direction of shipping under the Spanish
flag. This information was made public at the critical moment, just
preceding the declaration of war. It was followed a few days later
by a more detailed statement of the trade between Spain and the
United States.

The likelihood that Puerto Rico would become a possession of this
Government called for a statement of the trade relations of that island,
and it was made. Full details were presented of the exports and
imports of the island. These furnished a basis for estimating its pro-
ductive capacity and its requirements from other places. The statis-
tics were from Puerto Rican official sources, and as they were made
public for the first time were particularly valuable as well as timely.

REPORTS ON TRADE WITH AUSTRIA-HUNGARY.

Reports were issued during the year on the foreign trade of the
United States in agricultural products and 6n the wheat production
of Austria-Hungary. In the first of these the classification of agri-
cultural imports and exports was carefully revised and a comprehen-
sive and instructive presentation of the important facts was made.
The demand for the report on foreign trade in agricultural products
was so strong that the essential information was embodied in a cir-
cular, of which 85,000 copies were distributed. '

In compliance with a request from the Secretary of State, much
time was devoted to the compilation of information for the use of the
special commissioner appointed to negotiate reciprocity treaties.

OFFICE OF ROAD INQUIRY.
EFFORTS FOR GOOD ROADS.

The problem of securing good roads continues- to be a very impor-
tant branch of work. Publications upon the subject of the best
methods for road improvement have been distributed freely. Care .
has been taken to send them where they would be most effective in
stimulating activity in the movement. Representatives of the Office
have attended many important meetings for the discussion of roads,
and in this way valuable information has been both gathered an
disseminated. :
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In localities where construction of roads according to the most
approved methods has been in progress a representative of the
Department has made a study of the operations and cxtended such
assistance as was possible. The Office of Road Inquiry has also
actively cooperated with two of tho State agricultural experiment
stations in spreading the work of good roads. The road laws of sev-
eral of the most progressive States have been collected and studied.

These efforts have met with hearty appreciation in every direction,
and there has been a steady increase in the demand for assistance.
Both country papers and the metropolitan dailies have become inter-
ested in the movement and have printed very much upon the subjeect,
in many instances reproducing Department circulars and bulletins
in full.

OBJECT-LESSON ROADS.

The object-lesson road at the Rhode Island Agricultural College
has been completed, and a report of the details of the work, along
with the results of other inquiries, will be presented in the Yearbook
for 1898. Owing to lack of funds it has been impossible to comply
with calls for similar aid elsewhere, and it has been necessary to dis-
continue these object lessons in connection with agricultural colleges
and experiment stations, although many of these institutions are still
calling for aid. They are ready to bear most of the expense, asking
of the Department only the payment of freight on machinery and of
part of the salaries of experts. The help given from this Department
usually proves sufficient to secure the financial support of the towns
and farming communities in the vieinity of the experiment. Numer-
ous letters received by the Office of Road Inquiry testify to the great
value of these cooperative experiments. Everywhere the plan meets
with the highest commendation, but it can not be extended without
an additional appropriation.

STEEL ROADS.

The aim of the Office of Road Inquiry is to cooperate with people
of the several States in making the best possible use of material within
their reach in road making. Large areas in many of the States have
no gravel, reck, or other hard material with which to make roads. I
have had experiments made during the present year with steel as
extensively as our means would permit.

An experiment of this kind is being conducted at Cleveland, Ohio.
A section of 500 feet of steel track has been laid on a street in the
suburbs where the traffic is heavy, and its value is already generally
acknowledged. A sample steel road 510 feet long has been laid upon
the grounds of the exposition at Omaha. It is proposed to make
traction tests upon this track to show how much less power is required
to move a lead over such a road.
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The steel road is not excessively costly by comparison with other
roads and will last much longer with less repair, and is probably the
most economie road for localities where material is not obtainable for
macadamizing.

SENTIMENT IN FAVOR OF GOOD ROADS.

The growth of sentiment in favor of good roads is shown by the
passage of progressive laws in New York, Pennsylvania, and other
States, and by the appointment of a highway commission in Maryland,
and also by the reports of inereased sales of road-making machinery.

DIVISION OF AGROSTOLOGY.

EXPERIMENTS IN THE GRASS GARDENS.

Through the efforts of this Division we are learning the needs of the
several sections of the eountry and the forage problems which they
have to meet. We are acquiring a bettersknowledge of the distrtbu-
tion and value of our native grasses and forage plants, as well as the
peculiar conditions of soil and climate best suifed to their growth.
More than 500 varieties of grasses and forage plants valued for forage
have been grown in the grass garden on the grounds of the Depart-
ment during the past season. Visitors from all parts of the country
have been much interested in this cexhibition, which has afforded
many. lessons, not only of interest but of real practical value.

" The garden contains plats of grasses suitable. for lawns,. besides
many species from the East and from the South, and especially from -
the West, all growing together with apparent success, and it is inter- -
esting to note the peculiar habits of the grasses of the moist and
wooded regions of the East and those of the arid, treeless regions of
the West as here displayed. A large number of leguminous plants
have been given a place in the garden, and one of the most interest-
ing experiments has been a trial of alfalfa grown from seed obtained
from more than twenty different sources. Trial samples of these
seeds were sent to a large number of experiment stations whe volun-
teered to undertake comparative experiments in their cultivation.
Up to the present time it has not been possible to detect any marked
variation in the plants grown. Turkestan alfalfa, the seed of which
was introduced last year in large quantities from Russia, has made a
remarkable growth in some of the experiments conducted in the West.
At North Yakima, Wash., it made a growth of over 3 feet in seventy-
nine days, sending up many stems from each root. It is believed that
this alfalfa will prove to be more hardy than the erdinary sort, and it
may be distinguished by minute hairiness on the under surface of the
leaves.

Many varieties of grasses and forage plants have been tested at the
grass garden at Knoxville, Tenn., during the year. It has, however,
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been thought best to discontinue official connection with this garden
and select a station farther south, which shall be more typically
Southern in its character, both in soil and climate. The problem in
Tennessee is not so much what can be grown as how to grow the
largest amount of the best quality with the least expense, problems
which the agricultural experiment station at Knoxville is now well
prepared to solve.

INVESTIGATIONS FOR THE IMPROVEMENT OF FORAGE RESOURCES.

~ In connection with the investigations in the Southwest two stations

have been established, one at Abilene and one at Channing, the
former presenting conditions characteristic of the center of Texas
and the latter of the great region of northwest Texas, known as the
Panhandle. The experiments carried on at these stations were made
with a view of determining how the cattle ranges may be improved
by practical thethods. At the station at Abilene more special lines
of investigations and experiments are being carried on, especially in
the way of testing varieties which may be suited to that region.

Comparative work of the Division is being performed by many vol-
unteer experimenters, especially among the more intelligent farmers
in Colorado, Texas, Wyoming, Montana, and Idaho. The object of
these experiments is the introduction of new or little-known and
desirable hay and pasture grasses, as well as soiling crops. A num-
ber of the more progressive ranchmen and stockmen of the Northwest
have agreed to devote from 1 to 5 acres of cultivated land to the more
promising native grasses or those introduced from foreign countries,
" seed of which we may be able to furnish them.

.Seeds of grasses and alfalfa imported from Russian and eastern
Asia were sent in amounts sufficient to sow from one-twentieth of
an acre to an acre of each variety to 479 parties who had previously
agreed to give them careful cultivation and report fully at the close
of the season the results obtained. The data thus secured can not
fail to be of great interest and value to all interested in the improve-
ment of the forage resources of our country. Eleven hundred pack-
ages of seeds of native grasses, salt bushes, wild clovers, wild beans,
and lawn grasses, mostly collected by the employees of the Division
while in the field, were distributed to our correspondents, who
expressed a desire to aid the Division in its investigations.

Field investigations in the States along the Gulf coast have been
carried on during the past two seasons and one report upon the work
done in this section is now in the hands of the printer. Work, as
already indicated, has been carried on in the Southwest, and in the
Northwest investigations have been made by special agents, whose
reports have already been published.

The field work so far has been confined to the Atlantic slope, but
there is being manifested among the farmers and ranchmen of the
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Pacific const a marked interest in grass and forage-plant questions,
and a demand for an extension of our work along these lines in the
States west of the Divide is now beivg made.

THE GRASS COLLECTION.

Over 5,000 specimens of American grasses have been identified
during the year and nearly 3,000 shecets of herbarium specimens
mounted and added to the National Herbarium. The grass collection
now in the Department numbers over 30,000 sheets.

DIVISION OF SOILS.

The Division of Soils has continued the investigation of the physical
properties of soils and their relation to crop production, and work has
now been started upon the mapping of soils on a scale of 4 inches to
the mile, to be published probably on a scale of 2 inches to the mile.
These maps will show in great detail' the soil areas adapted to the
different agricultural crops. Considerable advance has also been
made in devising methods of investigating soil conditions where crops
suffer, or where the soil conditions are not well adapted to crops
which the location and markets demand.

RECORDS OF MOISTURE CONTENT OF SOILS.

Records have been continued of the moisture content of some of the
principal soil areas in the country with the electrical method of mois-
ture determination. As the soil is the immediate source of the water
supply of plants, this record becomes an essential part of climatology,
and it seems probable that this work of the Division of Soils, in con-
nection with the_present work of the Wecather Bureau and of the
Division of Statistics, will develop a distinetively new line of agricul-
tural climatology. This work is closely related to the work of the
Weather Bureau, but is supplementary to it. It includes the record
of evaporation to which the plant is subjected, the water supply main-
tained by the soil for supplying the loss due to this evaporation, and
the intensity of the actinic and heat radiations which influence the
. physiological activities of the plant. Numerical values can be given
to the evaporation and to the soil-moisture conditions, so that it is-
possible to express numerically the relative conditions of plant growth
from day to day so far as these two important factors of evaporation
and water supply are concerned. This will add greatly to the praec-
tical value of our knowledge of climatology.

INVESTIGATION OF ALKALI SOILS OF YELLOWSTONE VALLEY.

The electrical method of salt determination in soils has been used
in the exploration and investigation of the alkali soils of the Yellow-
stone Valley. Anexamination was first made of the general conditions
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in the valley, and then a very minute study of a section of land
which was just being ruined by the risc of alkali. This examination
amounted to an underground survey of the field, and maps have been
made showing the distribution of alkali at different depths. A great
number of borings were made to a depth of 10 or 15 feet, and salt
determinations were made in every 6 inches or each foot in depth.
Accurate maps have been made showing the amount and distribution
of the alkali at several of these depths.

The result of this investigation will be issued in the form of a bul-
letin. DBriefly, it was found that in the original prairie soil above the
ditch there is not sufficient alkali to be injurious to vegetation. The
amount of alkali was greater in the lower depths of the subsoil. As
a rule, water is used in excess on all of these lands under irrigation,
and to such an extent that it accumulates in the subsoil. When the
depth to standing water is not more than 2 feet from the surface,
alfalfa turns yellow and dies out. In all cases the first injury was
from the accumulation of water from excessive applications through
irrigation. Where this water remains for some time in the subsoil the
alkali leaches down through scepage from higher lands, and is brought
up from the subsoil and accumulates at the surface in quantities suffi-
cient to prevent the growth of cultivated plants. Other problems of
great value to the agriculturist were worked out in the course of this
investigation. Such work will be invaluable in the treatment of
alkali soils.

This underground survey of the alkali lands has given the most
important information in regard to the amount and distribution of the
soluble salts and the way in which they accumulate in certain locali-
ties through overirrigation.

TOBACCO INVESTIGATIONS.

The tobacco business has become very highly specialized. Each
market has its own requirements, each class of users has its own par-
icular style, and each season brings some change of style which must
be met by the tobacco grower. There is a great deal of competition
in our own country and very serious competition from abroad, espe-
cially from Cuba and Sumatra. In several of our tobacco districts
the acreage has been reduced one-half in the past ten or fifteen years.
Some of the districts have almost completely abandoned the culture of
tobacco. Onmn the other hand, several new localities are being opened,
with prospects of good prices for the better grades of wrapper leaf
both for cigar and manufacturing purposes. The best we can do,
however, in the cigar leaf is far below the product of foreign coun-
tries. The Cuban filler sells for ten times as much as the Pennsyl-
vania and Ohio filler; the Sumatra wrapper is worth ten or fifteen
times as much in the markets as the Connceticut wrapper. To meet
this competition it is absolutely necessary that our farmers should
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have at their disposal a thorough knowledge of their own conditions
and of the conditions of the soil, climate, methods, and labor condi-
tions of competing districts.

SOIL MAPS OF THE TOBACCO DISTRICTS.

One of the first necessities in the development of a new district or
in the improvement of an established distriet is an accurate soil map
of the locality, on which the soils adapted to the different types and
grades of tobacco are plainly shown. In all of our tobacco districts
there are large areas of land sown to this crop which are not adapted
to a good grade of tobacco. There are also large areas well adapted
to a fine grade of leaf which have never been used for this purpose.
Enough is known of the relation of soils to tobacco to warrant the
preparation of very accurate maps, indicating the character of the
tobacco from each of the soil areas in the district. After these types
have been established and the soil areas have been mapped, the
experiment stations can take up a study of the cultural methods
adapted to each of the types of soil. In this study of the influence
of the soil upon the quality of the leaf it is important to extend the
study to all localities, and to gather information from Cuba and
Sumatra as well as from Kentueky, Virginia, Pennsylvania, and Con-
necticut. This is work that the experiment stations can not do for
themselves.

CURING AND FERMENTATION.

Among the most important lines of work which the Department can
take up for the tobacco grower is the study of the diseases in the
tobacco bed and the comparatively few diseases in the field, and par-
ticularly the study of curing and fermentation. A large amount of
research work has been done, particularly in Germany, in the fer-
mentation of tobacco, but very little is yet known of the changes
which go on in the process or regarding the specific agents which bring
about these changes. So much information and practical benefit
have been derived from a study of butter and cheese, in the control
of the ferments and bacteria which produce the texture and flavor
of the product, that it is very desirable that similar knowledge in
the curing and fermentation of tobacco and similar control of the
finished product should be secured. This work will require very
careful study of the changes in the fermentation pile in the different
tobacco districts. )

It is important to know exactly to what organisms the peculiar flavor
and aroma of the tobacco is due; what influence is exerted by the
character of the leaf, by climatic conditions, and by methods of manipu-
lation. This work can only be thoroughly done by systematic work-
ing in different tobacco districts in our country with different varieties
of tobacco and different climatic conditions. It should certainly
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embiace a study of fermentation in the tobaceo of Cuba and of
Sumatra. 1f our tobacco growers are to attempt to raise a product
cqnal to that of Cuba and Sumatra, and if this is {o be done not by
chuanee, but through systematie, reientifie investigations, then the soils
and other eonditions of growth nmiust be thoroughly understood and
the fermentation changes carvefully worked out in Cuba and Sumatra,
It is necessary, thereforve, that a soil expert and a bacteriologist extendd
their werk to these foreign countries.

In view of the great importance of the tobaceo industry in this
country and of the very important practical results which ave likely
to acerue from the investigation of the subjeets herewith presented, I
have submitted in my estimates to Congress a special appropriation
for tobaceo investigations.

DIVISION OF FORESTRY.
CITANGE IN CHIEF OF DIVISTOXN,

At the end of the fiscal year the ercation of the New York State
College of Forestry and the eleetion of Mr. B. I Fernow to the direct-
orship ereated a vacancy in the position of Chief of the Division,
which Mr. Fernow held for twelve years, and Mr. Gifford P’inchot, of
New York, was appointed his suceessor.

TREL PLANTING IN THE TREBLESS REGIONS,

Believing that the attention of this Division should be direeted
ratlier more to the tree-planting interests of the treeless regions, 1
direeted the discontinuance of the series of investigations which had
in view a better knowledge and use of our economic timbers, in order
that the funds might beeome available in the aforesaid direction.
The forest-planting experiments in ceoperation with the State agri-
cultural experiment slations were, therefore, prosecuted more vigor-
ouxly and extended to Texas, Oklahemna, and Montana. besides adding
another station in Pennsylvania, where the methods of reclothing
cut-over lands were to be demoenstrated.

By my direetion a plan was elaborated for the introduction of
species adapted to dry elimates; and a competent agent appoinicd o
carry out the plan, which contemplates the establishment of a nuin-
ber of arboreta in our dry regions, in which are to be assembled such
trees and shrubs from all parts of the world as might eventually
prove adapted tothese regions.  Onceof the most uselul lines of work
has bheen a canvass of the forest conditions of the RMate of Wiseonsin,
in cosperation with the State geoiogical survey, which has hrought
out the significant faet that, through carelexs tumbering, followed b,

by

v
destinetive fives, over 8,000,000 acres of that Siate have been rendered
practically useless and cene-half that area a veritoble dosern as far as

present ceonvmie conditions are considerad,



REPORT OF THE SECRETARY. 45
TIMBER PHYSICS INVESTIGATIONS.

The aceumulated data of the investigations in timber physics have
been worked over in part and yielded some most important results,
among which the law that the strength of a beam at the elastic limit
is equal to the compression strength of the material, which was estab-
lished by the tests of the Division, will influence the practice in the
use of wood for construction most advantageously.

PLANS FOR THE COMING YEAR.

The plans for the Division of Forestry, approved by me, for the com-
ing year cover the following lines of work, all of which are directly
related to the welfare of our people:

Practical assistance to farmers, lumbermen, and others in handling
private forest lands. Since these lands exceed by far in area those
of the Government and the States combined, woodland in farms alone
covering more than 200,000,000 acres, this attempt to increase their
present as well as their future value, and thus secure their preserva-
tion, has before it a field of wide usefulness.

An attempt to find the best trees for planting in the so-called tree-
less regions of the West, a matter of far-reaching importance to a
very large percentage of the farming population of this country.

A study of the history, nature, and ways of action of forest fires
in the United States and their effect on the composition and repro-
duction of forests. The prime objett of this work, which covers a
field practically untouched until now, is to develop better methods
of preventing apd extinguishing these fires than have yet been
employed.

A study of the effect of lumbering on the forests, in order to
devise improved methods advantageous both to the lumberman and
to the forest. Combined with this work, detailed investigations of
the growth of trees of special commercial importance will be made,
with the object of ascertaining whether and how much it will pay to
hold timber land for future crops.

Investigation of the timber resources and requirements of Alaska,
Cuba, and Puerto Rico, which is needed to meet the numerous requests
for information made to this Department.

In addition, a classified series of forest photographs, intended to
furnish illustrations of the results of the various lines of work, will be
begun during the year.

The extremely practical character of these lines of work is evident.
Their popular standing is indicated by the fact that the assistance of
the Division has been asked in the handling of nearly a million acres
of forest land, under an arrangement by which, in the case of all but
farmers’ wood lots, the Department is relieved of all expenses except
salaries for its agents in the ficld.
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In view of these facts, I have been impelled to lay before Congress
the urgent need of a considerable addition to the appropriations at
my disposal for the use of the Division of IForestry.

OFFICE OF EXPERIMENT STATIONS.
THE STATE EXPERIMENT STATIONS.

The examination of the work and expenditures of the agricultural
experiment stations by the Office of Experiment Stations during the
past year has shown that these institutions are, as a rule, working
more thoroughly and efficiently than ever before for the benefit of
American agriculture. More than six hundred persons are employed
in the work of administration and inquiry. About four hundred re-
ports and bulletins were issued by the stations in 1897, which were
directly distributed to over half a million addresses, besides being
widely reproduced in the agricultural and county papers. The appro-
priation of $720,000 from the National Treasury for the support of the
stations was supplemented by State funds aggregating over $400,000.

The need and value of scientific researches on behalf of agriculture
are now very clearly understood, and the number and importance of
institutions organized for this work are constantly inereasing in all
parts of the world. Nowhere has so comprehensive and efficient a
system of experiment stations been established as in the United States.
In the scope and amount of their operations, and in the thoroughness
with which the useful information they obtain is disseminated among
the farmers, our stations are unsurpassed. During the ten years
which have elapsed since the Hatch Act went into effect a very large
amount of accurate information of direct practical benefit to our farm-
ers has been published by the stations. Not only have the numerous
bulletins and reports of the stations been freely distributed in all parts
of the country, but many valuable books largely based on the work of
the stations have been written for the farmers’ use, while the agricul-
tural press has busily collated and disseminated a vast mass of
information directly relating to the work of the stations or supple-
mentary to it. The contrast between the correet information regard-
ing the principles and practices of his art easily obtainable by the
farmer of to-day and that available for his predecessor of a generation
ago is very wide and striking.

NEED OF MAKING OUR STATIONS STILL MORE EFFECTIVE.

The general success of our agricultural experiment stations makes it
all the more important that they should everywhere be organized and
conducted with a view to securing the most economical and efficient
service for the benefit of agriculture. It were well if the farmers in
every State and Territory were alive to the importance of making each
and every experiment station a thoroughly effective institution for
agricultural research. There are certain prineiples which experience
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has shown must be followed in the management of stations if they are
to be most highly useful. Attention has been called to these from
time to time in the reports of the Department, but there is still need
to urge upon appointing officers, governing boards, and all the friends
of agricultural progress that, in order to make the experiment stations
what they ought to be, they must be organized on a permanent basis,
and their plans of work must be carcfully made and carried out by
thoroughly trained experts, who are so circumstanced that they can
give time and energy in full measure to the research work.

Political considerations should have no place in the choice and reten-
tion of station officers, college duties should not be allowed to encroach
on the time set apart for original investigation, and the compilation
of old information should always be made secondary to the acquire-
ment of new knowledge. Our farmers are worthy of the best that
science and expert skill can win for them out of the realm of the facts
and principles which nature will reveal to the diligent student of her
mysteries. To divert from their highest and best uses any of the
funds which the people have freely given to bring the aid of science
to agriculture is most reprehensible. The stations which are held in
the highest honor alike by scientists and farmers are those in which
there has been most original and thorough work.

The stations are not the only means for the education of the farmer.
Agricultural colleges, farmers’ institutes, boards of agriculture, and
various other agencies have been established to instruct the farmer
regarding the present status of agricultural science as applied to his
art. It is the business of the experiment stations, on the other hand,
to advance knowledge of the facts and principles underlying success-
ful agriculture and to teach the farmer new truths made known by
their investigations. The act of Congress creating the stations clearly
defines their functions to be the making and publishing of original
investigations. Wherever a station has neglected this and merely
endeavored to educate the farmer, we find a weak station, and where-
ever a station has earnestly devoted itself to original investigations,
we find a strong station. The station may very properly lend its
assistance in strengthening the influence and work of the educational
agencies established for the farmers’ benefit, but it fails to fulfill its
real mission when it resolves itself into a bureau of information or
devotes a large share of its energies to the compilation of popular
treatises on agriculture. It is gratifying to observe that the original
investigations at our stations are increasing in number and improving
in quality. In some places, however, there is still need of decided
changes in policy and work.

WORK OF THE OFFICE.

In connection with its supervision of the expenditures of the experi-
ment stations, representatives of this Office have visited the stations
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in all the States and Territories. During the year the Office issued
43 documents, among which were ineluded the ninth volume of the
Experiment Station Record, 12 bulletins, and’ 7 Farmers’ Bulletins.
The review of the literaturc of agricultural science in the Experiment
Station Record has been made more complete than heretofore, and
embraces all the countries in which agricultural investigations are
conducted. No such comprehensive survey of this field of scientific
research is made elsewhere. With the aid of the Record our inves-
tigators are kept well informed regarding the progress of agricultural
science throughout the world.

In accordance with my instructions, the Office has systematically
engaged in the preparation of popular résumés of the work of the
experiment stations for publication as Farmers’ Bulletins. Several
of the bulletins have been issued and are grouped together in a sub-
series denominated Experiment Station Work. XEach of these bulle-
tins contains a number of short articles, summarizing the results of
recent investigations in different lines, and explanations of the tech-
nical terms necessarily employed in describing the results of investi-
gations. As stated in a prefatory note in each nuinber, ¢the chief
object of these publications is to disseminate throughout the country
information regarding experiments at the different experiment sta-
tions, and thus to acquaint our farmers in a general way with the
progress of agricultural investigation on its practical side.” One of
the chief reasons for establishing an Office of Experiment Stations in
the Department was that it would be able to collate and disseminate
the information obtained by the individual stations for the benefit of
farmers throughout the country. It is believed that this new series
of popular bulletins makes the work of the Office much more effective
in this direction. Now that the purpose of these bulletins is being
understood there is a large demand for them.

The Office has somewhat extended its work in collating and publish-
ing information regarding the agricultural colleges, and in promoting
the general interests of their work. It has also continued in charge of
special agricultural investigations in Alaska and of the researches on
the food and nutrition of man which the Department is conduecting
in cooperation with colleges and experimental stations. Investiga-
tions on irrigation, to be carried on in a similar way, have recently
been intrusted to this Office.

AGRICULTURAL EDUCATION.

The past year has been marked by considerable progress in the
more complete organization of courses of instruction in agriculture in
our colleges and universitics. The general subjeet of agriculture is
being divided in these eourses with a view to securing more efficient
teaching in the several branches. Instead of having one professor of
agriculture as in the past, a number of our colleges have separate
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chairs of plant production, animal husbandry, and dairying. Depart-
ments of soil physies with separate laboratories are being established.
The buildings, apparatus, and other facilities for agricultural educa-
tion have been materiaily jmproved during the year. The improve-
ment in the equipment and methods of instruction has resulted in
bringing more and better students into the agricultural colleges.

The movement for the extension and popularization of agriculturak
instruction is growing in importance. The short and special courses
in the colleges, the farmers’ institutes, and the home-reading circles
arc attracting larger numbers of farmer students. The effort to
introduce nature teaching, largely on subjects relating to agriculture,
is being actively prosecuted in several States. The time seems ripe
for the introduction of outline courses in the theory and practice of
agriculture into the secondary schools in or near our rural commu-
nities in much the same way that business courses arce employed i
the city high schools.

There is a growing demand that this Department shall furnish our
people with information regarding the progress of agricultural eduea-
tion at home and abroad. The necessity for the more eareful study
of the problems of education as related to the progress of our country
in agriculture, as in the other arts and industries, is being forced home-
upon us by the closer relations of the United States with the rest of
the world which recent events have done so much to promote. The
Department of Agriculture, sustaining close relations with the workers:
on the farms and the educational institutions already established for-
their benefit, might accomplish much more toward the improvement.
and wide extension of agricultural education. I have therefore rac-
ommended a small increase in the appropriation for the Office of
Experiment Stations to enable it to extend its work in this direction.

AGRICULTURAL INVESTIGATIONS IN ALASKA.

The first appropriation ‘‘to enable the Secretary of Agriculture to
investigate and report to Congress upon the agricultural resources of
Alaska, with special reference to the desirability and feasibility of the
establishment of agricultural expcriment stations in said Territory,”
became available July 1, 1897. 'The general supervision of the work
under this appropriation was assigned to the Director of the Office of
Experiment Stations. Special commissioners were appointed to visit.
the coast and island region of Alaska, and by the courtesy of the
honorable Secretary of the Interior the superintendent of Government
schools in Alaska collected information regarding the agricultural
eapabilities of the Yukon Valley. Collections were made of soils and
of native plants, especially those used for food and forage. Data
were obtained regarding the general topography, climate, and soils;
natural and cultivated products and methods of cultivation; stock

3 A08——4
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raising; area of arable lands; agricultural difficulties and possibili-
ties; desirability of experiment stations, and the locations suitable
for them. ‘

sSpeeimens of vegetables and small {ruits, in no way inferior to those
grown clsewhere in the United States, were collected in different parts
of Alaska, and analyses of the grasses which grew very luxuriantly in
many localities in that region showed them to be fully as nutritious
as those produced in the most favored agricultural regions of this
country. The reports of our agents, prepared under the direction of
the Director of the Office of Experiment Stations, were transmitted to
Congress last December and were published as Document No. 160 of
the Ilouse of Representatives, Fifty-fifth Congress, second session,
and afterwardsas Bulletin No. 48 of the Office of Experiment Stations.

In sccordance with my recommendation, Congress continued the
appropriation for work in Alaska during the current fiseal year,
increasing the amount to $10,000. Prof. C. C. Georgeson, a native of
Denmark, and thoroughly familiar with the conditions of agriculture
in northern Europe, who had had a long experience as professor of
agriculture and an experiment-station officer in Japan and Kansas,
was transferred from the Division of Agrostology to the Office of
Experiment Stations and made special agent in charge of the Alaska
investigations. 1le has made his headquarters at Sitka, in the vicin-
ity of which place experimental plantings of seed of over 100 varicties
of vegctables, grasses, and forage plants have been made.

Seeds have also been distributed to a number of different localities
in Alaska, and agreements for cooperative experiments in a number
of piaces have also been made. The building of a silo for the preser-

‘ation of native grasses and the feeding of the silage Lo horses and
catile have been arranged for on a farm in the vicinity of Juncau.
After careful examination Castle Iill, a lot in Sitka, which a numnber
of years ago was set aside as a site for Government buildings, which
were afierwards located clsewhere, has been reserved by an order of
tlre President as a proper place en which to erect a building to serve
as headquarters for the experiment station and weather service in
Alaska. Abont 110 acres of partly cleared land have also been reserved
in the immediate vicinity of Sitka for experimental purposes. A
similar reservation has been made on Kadiak Island, and it is pro-
posed to make a third reservation on the Kenai peninsula.

The botanist of the Office of Experiment Stations has continued the
hotanieal survey of the region in the vicinity of Sitka and Cook Inlet
begun last year.

The reports of the officers engaged in the Alaskan investigations
during the present season have not yet been prepared, but it is
expeeted that they will be ready for transmission to Congress early in
its coming session. Knough has, however, been done to show that it
is both desirable and feasible to carry on agricultural investigations
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in Alaska. To accomplish resulis of any value it will, of course, be
necessary to plan these investigations to cover a series of years, and
comparatively little of practical importance can be expected from
them until they have been in progress for some time. The experi-
ments and observations made in the field should be supplemented by
work in the laboratory. No provision has thus far been made for the
erection of such buildings as will be needed in connection with these
experimental investigations. It is also very desirable that experi-
ments with live stock should be undertaken in the near future. The
appropriation for these investigations should also be made with refer-
ence to the difficult conditions under which the work must be prose-
cuted. I therefore urge that the recommendation of the Director of
the Office of Experiment Stations, that the appropriations for Alaska
investigations for the ensuing year be the same in amount as that for -
experiment stations in other parts of the United States, be adopted in
the appropriation bill for the next fiscal year. As it will be very
desirable to enlarge our experimental operations in Alaska at the
outset of the season of plant growth, commencing with the spring of
1899, I hope that the next appropnatlon for this work will be made
immediately available.

NUTRITION INVESTIGATIONS.

The invesligations upon the ‘‘nutritive value of various articles
and commodities used for human food ” have been pursued as hitherto,
in cooperation with agricultural eolleges and experiment stations and
other eduecational institutions. In this way the Department has
secured the services of experts and facilities for its work on very
advantageous terms. There have been many indications that public
interest in these inquiries is widespread. Special investigations with
the respiration calorimeter have been made, in which not only the
nutritive value of the food consumed but also its relation to the heat
and energy evolved by the human body during periods of rest and
work have been measured with a completeness and accuracy hitherto
unknown. These investigations are not only of very high scientific
importance, but have also already given promise of useful practical
application. The results of the careful studies of the dietaries of
people of different occupations, made in connection with the nutrition
investigations, have been widely republished in this country and

abroad.

It is believed that the nutrition investigations of the Department
have already done much to establish a scientific basis for the courses
of instruction on the food and nutrition of man, which are rapidly
increasing in number and importance throughout the country. The
amount of information which the Department has published in con-
nection with these investigations has already been relatively large,
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and the accumulation of unpublished data will make it possible to
publish a number of bulletins on this subject during the present fiseal
year.

IRRIGATION INVESTIGATIOXS.

The friends of the development of irrigation as applied in agricul-
ture in the vast region west of the Missouri River secured from
Congress at its last session an appropriation of $10,060 for the current
fiscal year, to be expended under the direction of the Secretary of
Agriculture ‘“ for the purpose of collecting from agricultural colleges,
agricultural experiment stations, and other sources, including the
employment of practical agents, valuable information and data on
the subject of irrigation, and publishing the same in bulletin form.”

With a view to securing economy in the general administration of
this fund it was decided not to create a separate division for this work.
As by the terms of the act the work was largely to be done in cooper-
ation with the agricultural colleges and experiment stations, its gen-
eral supervision was intrusted to the Director of the Office of Experi-
ment Stations. Special effort has been made to secure the services of
experts who have had not only scientific training but also practical
experience in irrigation as conducted in the great West. With a view
to formulating plans of work along the most useful lines, a confer-:
ence of experiment station officers and irrigation engineers was held
at Denver last summer under the direction ot the Director of the Office
of Experiment Stations. The problems of irrigation were earnestly
and freely discussed at this conference and the needs of the farmer
for information on irrigation subjects were carefully considered. As
a result of the expert advice which the Department thus received, it
has been determined to confine the work on irrigation at present to
two general lines: (1) The collation and publication of information
regarding the laws and institutions of the irrigated region in their
relation to agriculture, and (2) the publication of available informa-
tion regarding the use of irrigation waters in agriculture, as deter-
mined by actualexperience of farmers and experimentglinvestigations,
and the encouragement of further investigations in this line by the
experiment stations.

Arrangements have already been made for the preparation of sev-
eral bulletins by competent experts, and it is hoped that during the
present fiscal year considerable useful information will be published
and distributed by the Department. It is obvious that the present
appropriation will enable the Department to go only a little way in
the accomplishment of the work which is urgently demanded by the
growing agricultural interests of the irrigated region. I heartily
concur with the opinion set forth in the report of the Director of the
Office of Experiment Stations, that Congress should establish a settled
policy regarding the work of this Department on irrigation, and that
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if it is deemed wise to continue such work under my direction appro-
priations should be made which will enable the Department to plan
irrigation investigations on a comparatively large scale and continue
them through a series of years. Some of the reasons which seem to
make it very desirable that investigations on irrigation should be
systematically pursued by this Department are set forth in the report
above referred to, and I ask that careful consideration be given to the
arguments there made in support of this proposition. '

It is clear that a crisis has been reached in the life of the commu-
nities in which agriculture is dependent upon irrigation for its suc-
cess. The laws and institutions relating to irrigation, which have
grown up in these communities, have in many ways proved so inade-
quate and unsatisfactory that there is a widespread feeling that
radical and immediate action is demanded for their reformation.
Unfortunately, the accurate information on which alone intelligent
reforms can be based is almost wholly lacking. As the problems
which confront these communities are, in a general way, the same,
and in many particulars affect the national as well as local interests,
it is highly appropriate that the National Government should under-
take investigations to aid in the solution of the problems of irrigation.
As many of these problems are directly connected with those in other
agricultural lines in which this Department and the experiment sta-
tions are working, it is my judgment that this Department should be
put in a position to efficiently organize and conduct important inves-
tigations in this line.

As already stated, the investigations of the Department may prop-
erly follow two general lines: First, a careful study should be made
of the laws and institutions of the irrigated region with special refer-
ence to their improvement. The objects of this work will be (1) to
aid courts and administrative officers in the adjudication of claims
respecting water rights; (2) to bring out the defects in existing laws
and methods of administration, and to furnish impartial and ade-
quate information on which wiser and more equitable legislation and
court decisions may be based; and, (3) to assist farmers in the acquire-
ment of water rights and to protect their interests in the appropriation
and use of water for irrigation. The other branch of work which the
Department should take up is the carrying on of thorough original
investigations- along a number of different. lines. The agricultural
experiment stations in the irrigated regions have already shown the
way in which such investigations should be conducted. Their means
have, however, been too limited to enable them to make more than a
beginning of the work in this direction. '

One fundamental investigation which should be immediately under-
taken relates to the correct determination of the practice of successful
farmers in the use of water for irrigation with different soils and
crops. At present such information is almost wholly lacking. The



54 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

collation of such information in sufficient amount to warrant the con-
clusions on which agricultural practices, laws, and judicial and admin-
istrative proceedings may properly be based is in itself a large task.
‘The data thus obtained would be of great value, not only for practical
purposes, but also as a guide to investigations by the experiment sta-
lions and other agencies. When once the actual amounts of water
used by farmers in the irrigated regions have been determined, investi-
gations should be undertaken to find out what is the minimum of
water required by different soils and crops, in order that we may know
to what extent the available water supply of the irrigated region may
be utilized in the development of its agriculture. There are numerous
other irrigation investigations which the Department and the experi-
ment stations might well undertake; such are those which relate to
the most economical methods for the application of water to crops, the
utilization of the rainfall as affeeting the need for irrigation waters,
the preblems of seepage and drainage, the effect of irrigation water
on the growth and productivity of plants of different kinds, the pre-
vention of the accumulation of alkali in the surface soils, and the
reclamation of the alkali lands.

L believe that the impertance and variety of the work demanded
in the interests of irrigation in this country will justify a large increase
in the appropriation for irrigation investigations by the Department.
I hope that at the coming session of Congress a well-defined policy
regarding the work of the Department on this subject will be defi-
nitely adopted.

DIVISION OF BOTANY.

N

SHEEP GRAZING IN THE FOREST RESERVES.

At the request of the Secretary of the Interior, the Botanist of the
Department was directed early in July, 1897, to proceed to the Cas-
cade Forest Reserve of Oregon to investigate and report upon the
effect of sheep grazing on the forests of that region, an agricultural
investigation for which his long experience in Western botanical
exploration had well equipped him. The report demonstrates that
the old system of unrestricted use of the forest lands as a grazing
- common is a public evil and is a menace to other branches of agricul-
tural and State prosperity. A feasible way of removing this menace
is conclusively pointed out, and fortunately the method proposed not
only is not antagonistic to the interests of those engaged in stock
grazing, but is distinctly favorable to them. The adoption of the
proposed system gives every promise of contributing materially to the
solidity of agricultural institutions in the West, more especially to
the range-stock industry itself.

CHICORY GROWING, ETC.

In my last Annual Report attention was called to the fact that the
United States imports annually at least $8,000,000 worth of minor
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agricultural products, nearly all of which could undoubtedly be grown
with profit by the farmers of this country. The first of these crops
taken up for investigation was chicory. TFollowing the Department’s
support of the chicory-growing industry, which consisted, first, in
indorsing a tariff of 1 cent per pound on imports of the crude root, and
secondly, in publishing, after a careful investigation, a full report
on the methods of chicory growing, the imports of chicory, which in
the fiscal year 1896 ameunted to 16,317,888 pounds, and in 1897 to
17,329,170 pounds, dropped in the fiscal year 1898 to the astonishing
total of 315,707 (raw) pounds. Making due allowance for the heavy
antetariff imports of May and June, 1897, it is clear that a very large
percentage of the chicory consumed in the United States during the
last fiscal year was grown by American farmers. Not only does this
result appear from the import statistics just cited, but the Depart-
ment has direet information of the establishment and successful opera-
tion of chicory farms in Michigan, Nebraska, and other States. In
several respects methods of chicory growing as now practiced in the
United States are superior to the Belgian methods in the substitution
of horsepower for hand cultivation, the use of superior plows, new
and much cheaper method of digging the root, and more eﬁicnent
slicing and evaporating machinery.

Investigations of other miscellaneous agrieultural imports of the
United States are now under way. '

SEED TESTING.

To the Division of Botany has been intrusted the task of testing all
the seeds sent out by the Department, not only those of the regular
departmental distribution, but those imported through the recently
established Section of Seed and Plant Introduction and those procured
in other ways for the experimental work of the various Divisions,
Never before has the Department.distributed seeds of higher purity
and germinative eapacity than during the past year. Furthermore,
an elaborate series of field tests was made to aseertain whether the
seeds were really of the varieties stipulated in the contract. It was
found that in several cases the varieties were wholly at variance with
the contract, seeds of cheaper varieties having been substituted, pre-
sumably by the subcontractors. The fact that these varieties were
not true to name could not, of course, be ascertained for several
months after the seeds were distributed, but a portion of the purchase
money was withheld, pending the result of the field tests, and a com-
mensurate reduction was made in the price paid for the seed. The
principal beneficial result of this action is expected tolie in its warn-
ing to future contractors that they will be paid for no inferior seed,
whether this inferiority is due to themselves or to their subcontractors.

The seeds purchased in Russia by Prof. N. E. Hansen, special agent
of the Department, for ‘introduction into the United States, upon
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their receipt in Washington were found to contain a large amount of
weed seed, in many cases of kinds not yet known in the United States.
On account of the lack of secd-cleaning machinery in the districts in
which the seed was purchased it was impossible to get clean seed.
Every package, therefore, was carefully tested in Washington City
for purity, and if found to contain weed seeds was carefully cleaned,
either by machinery or by hand. IFfurthermore, the seeds when dis-
tributed were accompanied by a memorandum calling attention to
the danger from foreign weeds and directing their extermination,
should any appear.

GINSENG.

The efforts of the Department in encouraging the cultivation of
ginseng have met with gratifying suceess. An investigation of the
subject was begun in 1893 and a report issued in the following year.
At that time the Department announced the cultivation of the root
as feasible, but could of course give no information as to the manner
in which cultivated root would be received in the Chinese market.
During the past four years, however, experimentation in ginseng
culture has gone steadily on. The cultivated product has been mar-
keted, and the commercial status of cultivated American ginseng
established. Tirst-class cultivated roots, dried, have been selling
during the past year at $5.50 to $6 per pound, slightly in advance of
the best wild root. The Department, therefore, fully indorses the
cultivation of American ginseng as an additional resource of the
American farmer.

DIVISION OF POMOLOGY.
WORK DURING THE YEAR.

The distribution among experimenters, in different sections of the
country, of trees,.scions, cuttings,. plants, vines, and seeds of fruit-
bearing varieties and species aniounted to 200 lots, including 185
varieties and 26 species.

In preparing an exhibit of fruit models for the Trans-Mississippi
International Exhibition at Omaha a plan was adopted by the Division
which would furnish information to observant visitors as to the
appearance and varied characteristics of important fruits. The
exhibit was divided into groups illustrating the principal commercial
apple grown in the trans-Mississippi region, the varieties adapted to
dessert and other uses in the same region, Russian and crabs, new
and small varieties, and specimens of the leading commercial and
dessert fruits of the United States.

A special investigation of the fruit districts of the Pacific slope was
made during the year,and the results will be included in the next
revision of the Fruit Catalogue, o be issued during the coming fiscal
year. For this purpose, I appointed Prof. E. J. Wilson, of the
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University of California, a special agent of this Division for a period of
six months; also Prof. W. H. Ragan, of Greencastle, Ind., as special
agent for three months. Professor Ragan is chairman of the com-
mittee on revision of Catalogue of the American Pomological Society,
and the appointment was made in recognition of the cooperative
work undertaken by this Division with the society in the revision of
this catalogue.

Descriptions of 485 fruits were added to the files, 75 wax models
were completed, and 200 water colors were made during the year.

‘WORK IN PROGRESS.

An investigation of the present status of the ‘cultivation of the
European grape in the Southeastern section of the United States is
being made. This is being done in cooperation with the Section of
Seed and Plant Introduction, for the purpose of determining the
advisability of renewed efforts in the introduction and cultivation of
varieties of Vitis vinifera on resistant stocks in that region.

Many of the pxonn%mtr fruit-bearing species of foreign countues
referred to in last year’s report will soon be introduced into this coun-
try for experimental cultivation.

- DIVISION OF PUBLICATIONS.
MEDIUM FOR DIFFUSION OF INFORMATION.

The Division of Publications is the medium for the djffusion of the
information acquired by the various Bureaus, Offices, and Divisions of
the Department. The results of the investigations for the promotion
of agriculture and the information acquired by the corps of scientists
and experts are made available through various forms of publica-
tions, of which 501 were issued during the year, and the total number
of printed copies amounted to 6,280,365.. These publicatjons com-
prised technical reports and popular bulletins, and circulars on agri-
cultural and kindred subjects, and they were distributed as promptly
as our facilities afforded to the very large proportion of our people
interested in or actually engaged in farming pursuits. Notwithstand-
ing the large number of .copies of publications distributed, they were
not sufficient to meet the demands; and it is evident that only by an -
increased appropriation will it be possible to place the results of the
work of this Department in the hands of all who are justly entitled
to the same.

It is extremely gratifying to know that a knowledge of the Depart-
ment and its usefulness is more widely prevalent than at any time in its
history. Thisis duein a measure to the great increase in the number
of small popular pamphlets and the wide distribution of them. At
the same time there has been no retrogression in the scientific and
technical reports which record the investigations and researches
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made by our scientists and experts, and afford a permanent record of
our achievements in the various realms of inquiry. These bulletins
have Dbeen distributed with the greatest possible discretion. As
regards all the bulletins and reports, the effort has been to place
them in the hands of the persons who actually need them, and to deny
the publications to all who apply for them simply to gratify a desire
to obtain something because it is free.

THE YEARBOOK.

An interesting feature was added to the Yearbook for 1897, consist-
ing of a series of 19 papers, aggregating 220 printed pages, prepared
by the various chiefs of Bureaus, Offices, and Divisions, setting forth
the work of each in relation to the farmer. The Yearbook also con-
tained 18 miscellaneous papers on agricultural and kindred subjects,
besides my preliminary report and the appendix of useful informa-
tion, aggregating 786 pages. In this connection, I am constrained to
rccommend an increase in the quota of this publication allotted to the
Department. For several years this allotment has consisted of only
30,000 copies, which is inadequate to supply the correspondents and
others who receive no other compensation for the valuable services
they render the Department, to say nothing of the demands from mis-
cellaneous applicants, both domestic and foreign. For such purposes
there should be at least 20,000 copies, making the entire quota of the
Department 50,000, while Congress might order for the exclusive use
of its Senators and Members such number as it sees fit, its proportion
now being 470,000 copies. It is safe to say that the growing popular-
ity of the Yearbook is due to its improved character and to the
increased knowledge in regard to it.

The preparation of the volume for 1898 is already far advanced,
and for 1899 I am considering the propriety of making a special
effort to prepare a publication which shall contain a résumé of the
achievements in the United States in every branch of science as
related to agriculture .during the nineteenth century for distri-
bution at the Paris Exposition. At least 50,000 copies could be
advantageously distributed, and I have no doubt Congress will vote
an increased appropriation for such purpose.

FARMERS’ BULLETINS.

The amount expended for printing Farmers’ Bulletins during the
year was $32,756.46, the total number of copies being 2,170,000, of
which 1,580,000 were distributed upon the order of Senators, Repre-
sentatives, and Delegates in Congress, the quota of each being 4,000
copies. Heretofore the quota was 5,000 copies, which was reduced
because of the insufficiency of the appropriation for these bulletins.
Requests from Members of Congress for additional copies aggregat-
ing over 100,000 copies had to be refused, owing to this cause. The
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growing demand for these bulletins warrants the recommendation
that adequate funds be made available for their preparation, print-
ing, and distribution.

" THE DISTRIBUTION OF DOCUMENTS.

The distribution of the publications of the Department has pro-
ceeded in accordance with the law of January 12,1895, occupying the
time and energies of the considerable force of employees necessary to
mail, meludmg publications and cireulars, more than 7,000,000 docu-
ments. A special effort has been made to prevent duplication, and
this precaution has made it possible to supply many deserving persons
who would otherwise have been deprived of the publications.

The documents turned over to the Superintendent of Documents
have met with ready sale, outnumbering those of all the other Depart-
ments ecombined, the amount whieh he realized from such sales being
$2,089.15. The sum so realized should be made available for reprint-
ing the publications that become exhausted, thus renewing the supply
for the benefit of those who are willing to pay the nominal price affixed.

AN UNJUST RESTRICTION.

I feel constrained to again recommend the repeal .or alteration of
the provision of the act providing for the public printing and binding
and the distributien of public documents, approved January 12,
1895, which restriets to 1,000 copies in any one year all publieations
exceeding in size 100 octave pages. Not infrequently a most val-
uable report is necessarily larger, and the restriction referred to
prevents its proper dissemination, withholding from many people,
speeially interested, valuable information to which they are entitled.
It is earnestly hoped that Congress will speedily remove this and
every other barrier, so as to allow the widest possible diffusion of
the information acquired by the Department.

DIVISION OF STATISTICS.
INVESTIGATIONS OF THE YEAR.

* The principal work of the Division of Statistics consists of the col-
lection and publication of informafion concerning the condition, acre-
age, and production of the prineipal produets of the soil, and the
number, value, and condition of farm animals. ‘

Among the subjects which have been investigated by the experts
of this Division are the consumption of commercial fertilizers, the
changes in the rate of charge for railway and other transportation
services, the cost of raising a bale of cotton, the production of sugar
in the United States, the world’s production and consumption of wool,
and the application of the principle of cooperation to farming or for
the farmers’ benefit. Reports on the two first mentioned have been
published. The others are in progress.
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IMPROVEMENT IN CROP REPORTING SYSTEM.

One of the most important duties devolving upon this Division is
erop reporting. The Statistician has devoted special attention to the
subjeet of improving these reports and organizing a system which shall
be less cumbersome and more efficient. During the year the number
of State agents has been increased from twenty to forty-one, and the
relative increase in the reports received from voluntary reporters,
both county and township, has been very considerable. The Statis-
tician earnestly recommends, as a further step in securing efficient
service and adding to the value of the improvements already secured,
the appointment of five traveling inspectors, whose duties shall include
the periodic visitation of State and county agents, and who shall visit
the principal agricultural regions after seedtime and during critical
periods of the growing season, and finally, after harvest, reporting
the results of their observations to the Statistician. In view of the
value of these reports, it is to be regretted that Congress reduced the
appropriation for this Division for the current year.

IMPOSSIBILITY OF ANTICIPATING FINAL OFFICIAL FIGURES.

For many years charges have been made that certain operators on
the different produce exchanges have had in their possession, several
hours in advance of publication, statements relative to the crop
reports alleged to have been obtained from official sources. In many
cases the figures closely corresponded with the figures subsequently
announced by this Department. It was evidently necessary to make
such allegations impossible, and without reflecting upon anyone of
the employees of the Division, changes have been made in the han-
dling of the returns which make it practically impossible for anyone
to anticipate the final official figures. The fact that since these
changes were made the discrepancy between the figures claimed to
have been prematurely obtained and those actually published by the
Department has been marked is a matter of congratulation, and
should confirm the falsity of any such allegations in the future.

INVESTIGATION 'OF THE CONSUMPTION OF WHEAT.

Owing to the uncertainty that prevails as to the annual per capita
consumption of wheat and the difficulty of obtaining absolutely
reliable information concerning the amount produced from year to
year, it is proposed to so extend the work of this Division as shall
enable the Department to speak with a greater degree of confidence
and authority concerning the much-discussed food problem of the
United States and the world at large. To thisend it is proposed to
establish a record of movement and supply, which will prove a
valuable check upon the statistics of production and pave the way for
an investigation of the consumption of wheat in certain typical
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communities that would be of the highest statistical and economic
value.

In connection with this work the five traveling inspectors already
recommended could be employed to great advantage.

CROP-REPORTING SYSTEM FOR NEW TERRITORY.

The recent acquisition of territory brings under control of the
United States islands the produets of whose soils are so large and of
such vital importance that adequate provision must be made for the
establishment of an efficient system of crop reporting in all these
islands. :

DIVISION OF ACCOUNTS AND DISBURSEMENTS.
IMPROVED BUSINESS METHODS.

The regulations governing financial transactions with the Depart-
ment have been thoroughly revised during the year and made to con-
form with new and amended laws, as well as with recent rulings of
the Treasury and the Department of Justice. Thus revised, the regu-
lations have been published and supplied to persons interested.-

The Accounting Officer of the Department has performed an impor-
tant service during the year by aiding in the formulation of a more
satisfactory method of public advertising and settlement of accounts
in that connection, by which uniformity, accuracy, and a permanent
record of details have been secured and a great saving of money
effected. In the consideration of such questions he acted in connec-
tion with a committee of representatives from the Executive Depart-
ments, with the Chief Clerk of the Treasury as chairman. A better
form for requests for transportation for persons traveling on Govern-
ment business was adopted at the same time. Another step in the
direction of improvement of business methods was the assignment of
a well-qualified official to the duties of law clerk.

RECEIPTS AND EXPENDMIURES.

During the year there were received, audited, and paid by the
Department 15,576 accounts, ineluding supplemental accounts for
1896 and 1897, as follows: Divisional, 4,658, amounting to $347,621.64;
Bureau of Animal Industry, 3,606, amounting to $733,901.66; Weather
Bureau, 7,312, amounting to $830,437.55; and the settlement of these
accounts required the issuance of 25,593 checks.

From the appropriations for 1898 the total disbursement through
the Department prior to July 1, 1898, was $2,245,334.08. There
remained at that date unpaid bills for that year aggregating $170,000.
‘When these shall have been paid there will be a final balance to return
to the Treasury of nearly $50,000.
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The total amount paid out during the year was $2,411,960.85, which
includes supplementary payments for 1896 and 1897. The accounts
for 1896 were finally closed and $488,833.58 was covered into the
Treasury as an unexpended balance.

During the year $8,071.06 was received from sales of Government
property and for services, and will go into the Treasury as part of the
surplus for the year. Of this amount, $4,220.19 is made up of receipts
from the seacoast telegraph lines and $3,464.61 is from sales of con- °
demned property.

A perusal of the foregoing review of the operations of the Depart-
ment during the past fiscal year justifies the statement that the
record of the year has been one of the most satisfactory growth and
development. There has been manifested in many ways a wide-
spread interest in the work of the Department and an appreciation of
the value of its investigations to the producers of this country. The
demand for infermation from the Department has been unprece:
dented, and covers the greatest variety of agricultural problems.
Day by day the fact is more and more fully acknowledged that the
services of the Department to the producer are of the first importance,
and such as can be rendered to him through no other agency.

Respectfully submitted.

JAMES WILSON,

Secretary.
W ASHINGTON, D. C,, November 23, 1898.

.



SOME TYPES OF AMERICAN AGRICULTURAL COLLEGES.

By A. C. Trug, Ph. D.,
Director of the Office of Experiment Stattons.

In papers in the Yearbooks of the Department for 1894 and 1897 the
history and general organization of the institutions for agricultural
education in the United States were outlined, and the general fea-
tures of the various agencies for the more elementary education of
the farmer were described. It is now proposed to set forth more defi-
nitely the chief charaecteristics of different kinds of institutions in
which agricultural instruction of college grade is provided. To do
this in any satisfactory way is by no means a simple matter. The
colleges of agriculture in the several States and Territories have
been so fashioned by the conditions of their local environment that
each of them has developed individual peculiarities of form and life
to such an extent that classification of them is more or less open to
objections. It will not do at all, for example, to classify these insti-
tutions according to the names which they bear. Some which are
denominated simply agricultural colleges are really institutions of
quite complex structure, while others in whose title the term *“‘agri-
cultural” does not appear have thoroughly erganized and well-attended
courses in that branch of learning. '

CLASSIFICATION OF THE AGRICULTURAL COLLEGES.

With this caution we will, however, proceed to do what for the
purposes of this paper seems quite essential, namely, to divide the
agricultural colleges according to the, general differences in their
organization into three classes: 1) Colleges having only courses in
afrrl(.ulture, (2) colleges having courses in agriculture along with
those in a variety of subjects, including, especially, mechanic arts-
and, (3) colleges (or schools or departments) of agriculture fomnntr a
part of universities. Or, more briefly and conveniently, the institu-
tions having collegiate course's‘in agriculture may be designated as
(1) agricultural colleges; (2) agricultural and mechanical colleges;
and, (3) universities. The only institution in this country which is
simply an agricultural college is the Massachusetts Agmcultural
College.

Agricultural and mechanical colle(req have been organized in Ala-
bama, Colorado, Connecticut, Delaware, Florida, Iowa, Kansas, Ken-
tucky, Maryland, Michigan, Mississippi, Montana, New Hampshire,
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New Jersey, New Mexico, North Carolina, North Dakota, Oklahoma,
Oregon, Pennsylvania, Rhode Island, South.Carolina, South Dakota,
Texas, Utah, Virginia, and Washington. Separate institutions of this
class for colored students are maintained under the Morrill Act of 1890
in Alabama, Delaware, Florida, Mississippi, North Carolina, South
Carolina, and Virginia. The -instruction in these institutions has,
however, very wisely been confined for the most part to courses
below the college grade. A similar institution, maintained by private
funds, is the well-known Tuskegee Industrial Institute, in Alabama.

Colleges of agriculture (or equivalent schools or departments) in
universities are maintained with the aid of national funds in Arizona,
Arkansas, California, Georgia, Idaho, Illinois, Indiana, Louisiana,
Maine, Minnesota, Missouri, Nebraska, Nevada, New York, Ohio,
Tennessee, Vermont, West Virginia, Wisconsin, and Wyoming. In
Massachusetts, Harvard University has a school of agriculture known
as Bussey Institution. -

To bring out the main features of each of the three groups of agri-
cultural colleges, it seems best to describe briefly a few institutions,
which may thus serve as types of the rest, and for this purpose insti-
tutions are selected which are relatively well equipped for agrieul-
tural instruction.

THE MASSACHUSETTS AGRICULTURAL COLLEGE.

The Massachusetts Agricultural College, which, as has been- stated,
is the only exclusively agricultural college in the United States, is
located on a farm of about 400 acres at Amherst, Mass., in one of the
most beautiful localities in the picturesque valley of the Connecticut
River. Itisin aregion where public and private schools of all grades
are numerous and thoroughly organized. The neighboring colleges
‘are Amherst and Williams for men and Smith and Mount Holyoke for
women. The mechanical and other branches of industrial education,
exclusive of agriculture, are provided for in the State by the Massa-
chusetts Institute of Technology at Boston and the Worcester Poly-
technic Institute, both strong and high-grade institutions.» The
Massachusetts Agricultural College has an annual income of about
$45,000, one-half of which is derived from the United States and the
other from the State. In addition to this the college receives about
$30,000 annually for the maintenance of an agricultural experiment
station, nearly equally divided between national and State funds.
Two-thirds of the land-grant fund of 1862 and of the annual appro-
priation made to Massachusetts by Congress under the Morrill Act
of 1890 are -given to this college, the remaining third going to the
Massachusetts Institute of Technology. In 1897 the college had per-
manent endowment funds aggregating $360,000, and its buildings,
farms, and equipment were valued at about $315,000. The college
buildings irelude combined dormitory and class-room building, chapel
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Fig. 1.—LIBRARY AND CHAPEL BUILDING, MASSACHUSETTS AGRICULTURAL COLLEGE

FiG. 2.—COLLEGE BARN, MASSACHUSETTS AGRICULTURAL COLLEGE.
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Fi1G. 1.—MACHINE SHOP, MICHIGAN STATE AGRICULTURAL COLLEGE.

Fic 2.—PRINTING OFFICE, KANSAS STATE AGRICULTURAL COLLEGE.
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F1G. 1.—MAIN BUILDING AND MORF.LL HALL, lowA STATE COLLEGE OF AGRICULTURE
AND MECHANIC ARTS.

FIG. 2.—ENGINEERING BUILDING, PENNSYLVANIA STATE COLLEGE.
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and library (Pl 1, fig. 1), laboratory for chemistry and physics, ento-
mological laboratory with insectary, botanic laboratory and museumn, -
drill hall, dormitory, president’s house, several residences for profes-
sors, farm house, boarding house, horticultural plant houses, and
barn, including creamery and dairy laboratory. Two buildings for
the use of the veterinary department are being erected. The experi-
ment station also has a .chemical laboratory, botanical laboratory
with plant house, and barns. On the farm 150 acres are under culti-
vation with a variety of field crops, and the extensive college barn
(PL I, fig. 2) is stocked with 100 head of cattle and equipped with the
most improved agricultural implements and machinery. The horti-
cultural grounds cover 100 acres, with orchards, vineyards, small fruit
and vegetable plantations, and groves of forest trees. Much atten-
tion is given to floriculture and landscape gardening, and the ample
plant houses are well stocked with numerous varieties of exoties.
Some 80 acres are devoted to the work of the experiment-station,
including numerous plat experiments with varieties of field and horti-
cultural plants, fertilizers, methods of culture, etc.; feeding experi-
ments with animals; soil investigations, ete. The laboratories of the
different scientific departments are well equipped with apparatus for
experimentation and demonstration and with illustrative material,
such as specimens of plants, insects, animals, and machines, particu-
larly those of importance in their relation to agriculture. The library
of 18,000 volumes has been carefully collected with reference to the
needs of an agricultural college, and is thoroughly catalogued and
managed with a view to providing the students every facility for
obtaining the information they desire to gather from books. It is
one of the most extensive and valuable collections of books on the
science and practice of agriculture to be found in this country. The
instruction is given by a corps of 18 professors and assistants.
The chairs include chemistry, botany, agriculture, horticulture,
zoology, veterinary science, mental and political science, English-
and Latin, modern languages, mathematics and civil engineering,
and military science and tactics. There is also a lecturer on farm
law. In 1897 there were 132 students in attendance, of whom 8
were in post-graduate courses. During the thirty years of its
active life the college has given instruction to about 1,100 men, of
whom almost one-half have graduated. Of the living graduates,
some 350 are engaged in agricultural pursuits. The student is re-
quired to follow a definitely prescribed curriculum during three years,
and in the fourth and last year of the course he is allowed wide lati-
tude of choice among numerous specialties, English and military
science being the only required studies. In freshman year the fol-
lowing subjects are included in the course: Agriculture, botany,
chemistry, algebra, geometry, bookkeeping, English, French, military
tactics, and mechanical drawing; in sophomore year, agriculture,
3 A98——5
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horticulture, botany, chemistry, anatomy and physiology, trigonom-
ctry, surveying, English, and mechanieal drawing; in junior year,
agriculture, horticulture, chemistry, zoology, entomology, physics,
English (including rhetori¢ and literature); in senior year, together
with the required English and military science, at least threo elective
studies must be taken, which may be selected from the following:
Agriculture, botany, chemistry, entomology, veterinary science, eivil
engineering, analytical geometry, calculus, English, German, Latin,
political eeconomy, history, and farm law. Eleven short winter
courses are also offered, the instruction in which is elementary.and
praectieal. The college has hitherto been open to men only, but
women may now attend speeial elective courses in such branches as
botany, entomology, floriculture, fruit culture, market gardenipg, and
dairying.

On the completion of the four years’ course students receive the
degree of Baechelor of Science, ‘‘the diploma being signed by the
governor of Massachusetts, who is president of the corporation.”
The college is so affiliated with Boston University that upon gradua-
tion the students may also receive the diploma of that institution.
Post-graduate courses leading to the degree of Master of Science are
also offered.

Candidates for admission must be at least 16 years old, and are
required to pass examinations in English grammar, geography, United
States history, physielogy, physical geography, arithmetie, the metrie -
system, algebra (through quadraties), geometry (two books), and civil
government.

The students, as a rule, room in the college dormitories and are
boarded in clubs or private families. The expenses for room rent,
board, fuel, washing, and military suit for the college year are esti-
mated to range from $150 to $300. For residents of Massachusetts,
. scholarships covering tuition have been established for each of the
thirteen Congressional districts of the State, together with 80 scholar-
ships divided ameng the State senatorial districts and awarded on
the basis of competitive examinations. Tive thousand dollars are
provided by the State to pay students performing labor at the college,
and there are small endowment funds for the assistanee of needy
students. Small money prizes are also given for excellence in decla-
mation, oratory, agriculture, botany, and military science and tac-
tics. The undergraduates conduct a 16-page biweekly journal,
known as Aggie Life, and publish a college annual called the Index.
They also maintain a natural history seociety, reading room associa-
tion, ‘‘ Kollege Kemical Klub,” and four secret societies. There are
glee and banjo clubs, a general athletic association, and special asso-
ciations for foetball, baseball, polo, and tennis. The moral and reli-
gious interests of the students are cared for by a requirement to
attend prayers every week day and publie worship every Sunday in
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tho college chapel, and by the work of a Young 3Men’s Christian
Asscciation.

The college is under the general management of a board of 14
trustees appointed by the governor in such a way that their terms
of office expire in different years, together with 4 cx-officio nrembers,
the governor (president of the board), the president of the eollege,
the secrelary of the State board of cducatlion, and the secrctary of
the State board of agriculture. The board of agrieultare also acts
as a board of overseers for the college.

THE AGRICULTURATL AXD MECTANICAL (OLLEGES.

The agrieultural and mechanieal colleges havo such different organi-
zations that no one institution will serve as a type of them all. In
many respecls their faeilities for instruction in agriculture are simi-
lar to thosc already deseribed as belonging to the Massachuselts Agri-
cuitural College. In speaking of these colleges we shall therefore
on:it some of the details given for that institution, and state only the
chief distinguishing features of several of the colleges of the second
class, in whieh there are considerable nuinbers of students pursuing
agricultural courses.

MICHIGAN STATE AGRICULTURATL COLLEGI,

The Michigan State Agricultural College iz the oldest agricultural
college in this country, having becen established by an act of the State
legislature passed February 12,1855, and openecd for students May 13,
1857. Ior more than thirty years it was like the Massachusetts col-
lege in having only an agrieultural course, but after the passage by
Congress of the Morrill Act of 1890, which gave the college a mate-
rially increased income, a mechanical course was added, and later a
woman’s course. The laws of the State under which the college is
organized prescribe that it shall be a ‘“‘high seminary of learning in
which the graduate of the common school can commence, pursue, and
finish a course of study terminating in thorough theoretic and prae-
tical instruction in those sciences and arts which bear direetlly upon
agriculture and kindred industrial pursuits.” Students are admitted
at 15 years of age, and are examined in reading, spelling, penman-
ship, grammar, geography, arithmetic, and history of the United
States. They may also be admitted on a ccertificate from approved
graded schools or on & leacher’s certificate. There are preparatory
classes for students unable to meet these requirements. The regular
college courses cover four years, and lead to the degree of Bachelor
of Seience. The course in agriculture is arranged as follows: I'resh-
man year, algebra, English, military drill, betany, agriculture, black-
smithing, carpenter work, drawing, physics, chemistry, geometry;
sophomore year, ehemistry, anatomy, military scienee and drill, Eng-
lish, geometrf, physies, agriculture, physiclogy, botany, velerinary
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science, entomology, horticulture, trigonometry, and surveying;
junior year, military drill, English history, agriculture, horticulture,
fungous diseases of plants, rhetoric, agricultural chemistry, English
literature, ecivies, forestry, botany, together with special elective
courses in agriculture or horticulture; senior year, bacteriology,
constitutional history, economic zoology, meteorology, physics, vet-
erinary science, engineering, English literature, geology, psychology,
entomology, logic, political economy, together with special electives
in agriculture or horticulture, and in some other branches, including
French and German. Therc are also short winter courses of six
weeks in dairy husbandry, live-stock husbandry, fruit culture and
floriculture, and winter vegetable gardening. A farm home reading
circle is conducted by the college. Provision is made for post-
graduate studies leading to the degrees of Master of Science,
Mecchanical Engineer, and Master of Agriculture. The Michigan
college has well-equipped laboratories in botany, physics, chemistry,
agriculture, horticulture, and zoology, which are very largely used
in connection with the course in agriculture. There are in addition
laboratories and shops for the courses in civil engineering and
mechanic arts. (See PL II, fig. 1.) The library contains over 20,000
volumes.

The college land, comprising 676 acres, is divided into the farm of
230 acres, devoted to field crops grown under a system of rotation, 45
acres of woodland pasture, 114 acres of very attractive lawns, gar-
dens, and orchards, 240 acres of forest, and 47 acres of cxperimental
fields and plats. The farm is equipped with cattle, sheep, and swine
of the principal breeds. There is an arboretum of 150 species of
trees, a botanic garden containing some 1,200 species of native and
foreign hardy herbaceous plants with some shrubs, a grass garden
of 200 species of grasses and clovers, and a weed garden of 100 or
more species of the most troublesome weeds. The students in agri-
culture are required to work two and one-half hours a day on the
farm or garden. .

The students for the most part room in dormitories and board in
clubs. The average annual expenses of students for board, room rent,
heat, light, books, laboratory, and other fees are estimated at about
$125. These expenses are oftentimes reduced by.receipts from labor
performed on the farm or elsewhere about the college.

The college is under the management of the State board of agricul-
ture of which the governor and the president of the college are mem-
bers ex officio. There are somewhat over 30 professors and assistants
in the faculty. In addition to the chairs provided by the Massachu-
setts college, there are in the Michigan college professors of mechanical
engineering and domestic economy and household science. In 1897
the Michigan college reported 211 students in agricultural courses
out of a total attendance of 425.
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MISSISSIPPI AGRICULTURAL -AND MECHANICAL COLLEGE.

The Mississippi Agricultural and Mechanical College is similar to
the Michigan Agricultural College in providing separate courses in
agriculture and mechanic arts, in having the same general require-
ments for the admission of students, and in offering preparatory
courses. It differs from the Michigan college in not admitting women
or persons of the negro race. The State, however, has made provision
for colored students in the Aleorn Agricultural and Mechanical Col-
lege. The courses in agriculture give especial attention to the crops
and methods of farming peculiar to the Southern States. As is com-
mon in the South, the college has a more strictly military organization
and discipline than pertain to institutions of this class in the North
and West. The expenses of the students average about the same as
at the Michigan college. Student labor in the field or garden is paid
for at the rate of 8 cents per hour, and in this way students may
reduce their expenses to $100 per annum. The college is under the
general management of a board of 9 trustees, and the governor of
the State is a member ex officio. The faculty comprises 22 members.
In 1897, 316 students out of a total of 368 were reported as pursuing
courses.in agriculture.

KANSAS STATE AGRICULTURAL COLLEGE.

The Kansas State Agricultural College was first established in 1863,
and has been maintained in its present location at Manhattan, Kans.,
since 1875. The State has generously supplemented the United. States

‘grants by the erection of substantial buildings, including a main
building, chemical laboratory, mechanics hall, horticultural hall,
armory and entomological hall, library and agricultural science hall,
domestic science hall, horticultural laboratory with six propagating
houses, farm and horticultural barns, and other buildings, valued at
over $350,000. The college farm comprises over 300 acres, and is well
equipped with live stock. The faculty includes 45 professors and
assistants, and over 800 students were in attendance last year. Stu-
dents of both sexes are admitted at 14 years of age after passing
an examination in reading, spelling, writing, arithmetic, geography,
English grammar, and United States history. Candidates are also
admitted without examination on presenting satisfactory diplomas
or certificatés from county or city superintendents. Preparatory
classes are provided ‘‘for those over 18 years of age who have not
been able to make their preparation in the common schools.” Four-
year courses are offered as follows: Agricultural, engineering, general
and household economics. ‘‘Closely adjusted to the course of study
is industrial training in several of the arts, to which each student is
required to devote atleast onehour a day throughout almost his entire
eourse. Among the lines of training each student may select, with
the approval of the faculty, except in terms when special industrials
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are required. Young men may have farming, gardening, fruit grow-
ing, woodwork, ironwork, or printing. Young women may take cooking,
sewing, printing, floriculture, or music. The training in these depart-
ments is designed to be systematic and complete in each, so that a
student following a single line diligently through the four years’
course gains the essentials of a trade and a reasonable degree of skill.
Those who wish only a general training in the arts can take shorter
courses in several of them.”

There is also a dairy course of twelve weeks, and apprentice eourses
in blacksmithing, foundry and maechine-shop practice, printing (see
Pl 10, fig. 2), and sewing, which run from forty to eighty weeks.
Opportunities are offered for graduate study, and original investiga-
tions in & number of agricultural lines are carried on at the experi-
ment station connected with fthe college. Tuition is free, and the
annual expenses of students range from $100 to $200. Considerable
work is furnished to students at 10 cents per hour. Besides a weekly
paper edited by the students, the college publishes a journal called
the Industrialist, which is edifed by the faculty. Both these publi-
cations are printed at the eollege.

IOWA STATE COLLEGE OF AGRICULTURE AND MECHANIC ARTS.

The Jowa State College of Agriculture and Mechanic Arts was
established under an act of the State legislature passed in 1858, but
was net opened to students until March 17, 1869. The college has in
recent years enjoyed a large measure of prosperity and has been
broadened and made stronger in a number of ways. It has fifteen
college buildings erected by the State at a cost of about $500,000,
including a main dormitory and class-room building (with botanieal
laboratory), two smaller dormitories, Margaret Hall for women (includ-
ing a dining room for all the students), chemical and physical hall,
veterinary hospital, sanitary hall, engineering hall, wood shops, power
house (with faecilities for mechanical and electrical engineering),
musie hall, administration building, Morrill Hall (containing chapel,
library, mmuseum, lecture rooms, and laboratories of natural history
and geology, PL II1, fig. 1), agricultural hall, and greenhouse. There
arc also ten dwelling houses for professors and other employees, a
creamery, barns, stables, seed houses, ete. The college lands com-
prise about 900 acres, of which 120 acres are set apart for college
grounds, and with their gardens, trees, and shrubs constitute a large
and beautiful park. ¢ The farm consists of rolling prairies, bottom,
and woodland, and is stocked with good representatives of five breeds
of horses, six breeds of cattle, seven breeds of sheep, and six breeds
of hogs. These animals are used in class illustrations and for the
various experiments in breeding and feeding for milk, meat, wool,
growth, and maintenance, conducted by the experiment station as a
department of the college. All the crops of the farm are grown for
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some educational purpose ; all the animals are fed by rule and system
and the results of their management reported upon and used in class
work. (See P1.IV,fig.1.) Laber is net compulsory, but students in
the agricultural courses are given work that is educational and
parallel with their studies. Seome students pay for their board by
work in the mornings and evenings.” Especial emphasis is at present
laid on instruction in dairying. (PL IV, fig.2.) There is a practical
working creamery and cheese factory in operation throughout the
year. ‘‘During the summer season from 15,000 to 25,000 pounds of
milk are taken in daily and manufactured into butter and cheese;
during the winter somewhat less.” Experiments in dairying are
always in progress and different kinds of improved machinery are
tested in practical operations. In 1897 the number of professors and
assistants in the faculty was reported as 55, and the number of
students (men and women) as 573. Eight courses of study leading to
a bachelor’s degree are offered, as follows: Agrieulture, veterinary
science, mechanieal engineering, civil engineering, electrical engineer-
ing, mining engineering, scienece, woman’s course. These cover four
years, except the eourse in veterinary seience, which is-of three years’
duration. There is also a two-year course in agriculture, a one-year
course in dairying, and summer and winter schools in dairying. The
subjects taught in the four years’ agricultural course correspond in a
general way with those in similar courses in Michigan and Massachu-
setts. During freshman and sophomore years the student pursues a
prescribed curriculum, but during jumior and senior years he is
offered a considerable number of electives. In senior year the sub-
jeets of instruction are go grouped that the student may give much
attention to general agriculture or he may specialize in animal hus-
bandry, dairying, or horticulture.

Students are admitted to the college courses at 16 years of age, after
passing an examination in spelling, English grammar, geography,
arithmetic, United States history, physiology, and (except.in veteri-
nary and agricultural courses) algebra- through simple equations.
The requirements for admission will be somewhat increased after the
present year. Students are also admitted on certificate from a select
number of high schools and academies. Preparatory classes are con-
ducted during the last half of each college year. '

The Iowa eollege represents those institutions whose development
has been along broad lines and in which the agricultural course, main-
tained side by side with a number of courses in the arts and sciences,
is being more thoreughly organized and specialized in accordance with
the general advance movement in education along industrial lines.

PENNSYLVANIA STATE COLLEGE.

The Pennsylvania State College was begun as a ‘“‘Farmers’ High
School ” in 1859, became ‘‘ The Agricultural College of Pennsylvania”
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in 1862, and with the broadening of its scope has been known by its
present name since 1874. It now offers thirteen four-year courses,
grouped as follows: (1) Classical course; (2) general courses, includ-
ing general science, Lalin-scientifie, philosophy; (3) techknical
courses, including agriculture, biology, chemistry, civil engineering,
electrical engineering, mathematics, mechanical engineering, mining
engincering, and physics. The classical course leads to the degree of
Bachelor of Arts, the other courses to the degree of Bachelor of
Science. The requirements for admission to scientific and industrial
courses differ from those of the Latin-scientific and classieal courses,
and include arithmetic (with the metric system), English classics,
United States history, algebra (through quadraties and progression),
plane geometry (five books), and physics (elements). It will be seen
that these requirements are higher than those of the institutions
thus far mentioned. In fact, the Pennsylvania college is being
developed into a high-grade technical, scientific, and classical college.
It is well equipped with buildings, laboratories, workshops, appa-
ratus, farm and live stock, and other facilities for its work. (See PI.
II1, fig. 2.) Its faculty numbers 50 professors and assistants, and the
number of students, increasing with the strengthening of its courses
of instruction and its equipment, has reached 350. Both sexes are
admitted. While devoting its main attention to the work of the
regular college classes, the Pennsylvania college reaches down and up
in its efforts to meet the special needs of students desiring to avail
themselves of its facilities for education. For those who are so situ-
ated that they can not gain the.necessary qualification for admission
in the public schools of the State, the college provides preparatory
classes. In agriculture, besides the thorough four years’ course,
there is a special course of one year and short winter courses in agri-
culture, creamery work, cheese making, and private dairying. Much
attention has been given to the organization of correspondence courses
in agricultural subjects, and five distinect courses of this character are
now offered, as follows: Crop production, live-stock production, hor-
ticulture, dairying, and domestic economy. Provision is made for
advanced courses leading to the degrees of Civil Engineer, Mechanical
Engineer, Engineer of Mines, Electrical Engineer, and Master of
Science. Original investigations in agriculture are being systemat-
ically pursued by the agricultural experiment station, which here, as
in the other institutions of this class, is organized as a department of
the college. .
ALABAMA POLYTECHNIC INSTITUTE.

An institution organized in much the same way as the Pennsylva-
nia State College is the State Agricultural and Mechanical College of
Alabama, or, as it has morc recently been denominated, the Alabama
Polytechnic Institute. This institution offers four-year courses in
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chemistry (Pl V, fig. 1) and agriculture, civil engineering, clectrical
and mechanical engineering, and pharmacy, together with a *‘ general
course,” the scope of which would be more definitely indicated by the
term Latin-scientific. The requirements for admission for men are
not so high as in Pennsylvania, including only geography, English,
arithmetie, algebra to quadratics, and United States history. While
men are admitted at 15 years of age, women are excluded until they
are 17 years old, and are required to pass examinations in English -
grammar and rhetoric, United States and general history, arithmetic,
algebra, geometry, trigonometry, and Latin. There are preparatory
classes and two-year courses in agriculture and mechanic arts. Post-
graduate courses lead to the degrees of Master of Science, Mining
Engineer, Civil Engineer, Electrical and Mechanical Engineer, and
Pharmaceutical Chemist. In 1897 the faculty of thisinstitution num-
bered 31 professors and assistants, and the number of students was
361, of whom 112 were in agricultural courses.

COMMON FEATURES OF AGRICULTURAL AND MECHANICAL COLLEGES.

The general conditions of student life in the agricultural and
mechanical colleges are much alike. For general culture and recrea-
tion there are literary societies, student periodicals or annuals, music
clubs, and athletic organizations. The moral and religious life is
promoted through services on week days and Sundays in the college
chapel and through the work of voluntary organizations, especially
the Young Men’s Christian Association. In many ways the students
keep in close touch with the common life of the communities in which
the colleges arelocated. The general atmosphere of these institutions
tends to keep the students in sympathy with whatever promotes the
advancement of American arts and industries. Agriculture has an
. honorable place in these colleges, and the strengthening of the agricul-
tural courses tends to bring into them a more earnest and successful
class of students. Through their experiment stations, short courses,
home reading circles, and lectures at farmers’ meetings these institu-
tions are also doing much to diffuse useful information among the
farmers: In their organization it will be seen that they vary consider-
ably, ranging from institutions in which agriculture and one or two
branches of the mechanic arts receive almost exclusive attention to
those which approximate the State universities in the variety of sub-
jects in which courses are offered. In general, it may be said that the
present tendency is to make these colleges schools of technology (or
polytechnic institutes) in which there shall be a great variety of tech-
nical and scientific subjects taught in direct relation to their applica-
tion to many arts and industries and with special reference to the bet-
terment of our industrial orgdnization and life. This is in accordance
with the general trend of educational movements in our day, which, in
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harmony with the expansion in variety and the eoncentration in effort
of our industrial and social life, are seeking to adapt courses of instrue-
tion to the varied needs of the modern man and at the same time to
secure economy in equipment and teaching foree by combining related
courses of instruetion in single institutions.

STATE UNIVERSITIES HAVING COURSES IN AGRICULTURE. '

Another phase of this movement is presented by the third class of
institutions in which college courses in agriculture are maintained,
and the remainder of this paper will be devoted to a brief consideration
of the State universities having agricultural schools er departments.

CORNELL UNIVERSITY.

In this class of institutions Cornell University, in the State of New
York, is preeminent as regards the resources at its command for educa-
tion and research. This institution was incorporated by the State
legislature April 27, 1865, and opened to students October 7, 1868.
““The existence of the university is due to the combined wisdom and
bounty of the United States, the State of New York, and Ezra Cor-
nell.” The oft-quoted words of the founder of this great university
have done much to inspire the establishment of similar institutions in
many of our States: ‘I would found an, institution where any per-
son can find instruction in any study.” In 1897 Cornell University
reported that its endowment funds, buildings, and equipment were
valued at more than $9,500,000, of which 688,572 belonged to the
land-grant funds of 1862, and that its ineome for that year was
$576,154.82, of which $70,087.24 was derived from the United States.
There were 220 professors and assistants in the faculty, and the num-
ber of students was 1,868, of whom 127 were pursuing courses in
agriculture. The university is divided into graduate and academic
departments, and colleges of law, civil engineering, mechanical engi-
neering, and mechanic arts, architecture, agriculture, veterinary medi-
cine, and forestry. All of these are amply equipped with buildings,
laboratories, apparatus, and museum collections, and the students
enjoy the privileges of the university library of 200,000 volumes.

The college of agriculture comprises the departments of general
agriculture, animal industry and dairy husbandry, horticulture and
pomology, agricultural chemistry, general and economiec entomology,
the agricultural experiment station, and university extension work in
agriculture. Omne hundred and twenty-five acres of arable land are
used as the college farm, which is well stocked with dairy cows, sheep,
horses, pigs, and poultry. The dairy building (Pl V, fig. 2), erected
in 1893, is fully equipped with modern machinery and appliances for
butter and cheese making. 'Ten acres are devoted to the gardens,
orchards, and nurseries of the horticultural department, which also
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has eight forcing houses, covering about 6,000 square feet of ground,
and a museum containing a large garden herbarium and an extensive
collection of photographs.

Candidates for admission must be at least 16 years old, and pass
examinations in English, geography, physiology and hygiene, history
of the United States and England, Greece or Rome, plain geometry,
elementary algebra, and at least two of the following subjects: Greek,
Latin, French, German, and advanced mathematics. The four years’
course in agriculture ‘‘is designed to afford an education as broad
and liberal as that given by other departments of the university, and
leads to the degree of Bachelor of Science in Agriculture.” A large
number of eleclives are open to the students in agriculture, especially
during junior and senior years. Besides those of the college of agri-
culture, the following departments give instruction to students in this
course: Botany, free-hand drawing, physics, political economy, physi-
ology, vertebrate zoology, hygiene, mathematics, French, German,
military drill and gymnasium, geology, veterinary science, ¢ivil engi-
neering, and mechanical engineering. There are special courses and
winter courses in agriculture and dairy husbandry for those who can
not take the four years’ course. The college of agriculture is also
actively engaged in introducing nature studies into the public schools
of the State, as described in the Yearbook for 1897 (p. 286). The
university affords many opportunities for graduate study in agricul-
ture, horticulture, and allied sciences. Tuition is free to students
pursuing agricultural courses. The yearly expenses of students are
estimated to be from $300 to $500.

OHIO STATE UNIVERSITY.

West of the Alleghenies the idea that the State is the proper agency
for the maintenance of broad institutions for higher education, which
shall thus be the crown of the publie-school system, has taken a strong
hold upon the public mind during recent years. There has, therefore,
been a rapid increase in the number of students attending the State
universities, and the equipment of these institutions has been greatly
enlarged. A representative university of this kind in the eastern
part of this region is the Ohio State University at Columbus, Ohio,
which in 1897 reported a total attendance of'1,019 students; 78 pro-
fessors and assistants in its faculties; endowment funds, buildings
and equipment aggregating nearly $3,000,000 in value, and an income
of $349,000.

The university is briefly described in its publications as ‘‘simply
the thirteenth, fourteenth, fifteenth, and sixteenth grades of the State
system of public, free education. It is related to the high schools
just as they are related to the grades, and it ought to be quite as
natural for a pupil to look forward from the high school to the
university as from the eighth grade to the high school.” Its aim is
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‘“to give to the young men and young women of Ohio the largest pos-
sible opportunity for both general and special training, to prepare
them  for life, and to touch in a practical and helpful way every
interest of this‘State.” The university is divided into six colleges,
agriculture and domestic science; arts, philosophy, and science; engi-
neering; law; pharmacy, and veterinary medicine.

In the college of agriculture and domestic science four-year courses
are offered in agriculture, horticulture and forestry, and domestic
science; two-year courses in agriculture and domestic science, and a
short course in dairying. There are also opportunities for graduate
study. Candidates for admission to the four-year courses must be 16
years old and pass examination in arithmetic, elementary algebra,
English grammar and rhetoric, plane geometry, geography, United
States history, physies, botany, and either civil government or gen-
eral history. Graduates of accredited high schools are, however,
admitted without examination. Tuition isfree. The average annual
expenses are estimated to be $250. ‘‘Students room and board where
they please.”

The university has a well-stocked farm of 200 acres and is otherwise
well equipped for agricultural instruction. The State has recently
added several fine buildings to the equipment of the university.
Among these is Townshend Hall, erected at a cost of about $100,000,
for the use of the department of agriculture. A brief description of
this building may serve to show something of the latest stage of
the development of facilities for agricultural instruction in a State
university. :

Townshend Hall (Pl. VI, fig. 1) is built of cut stone and gray
pressed brick, with terra cotta trimmings, tile roof, interior brick walls,
expressed beams, maple floors, and hard-pine finish. In the dairy
department, which has about 6,000 square feet of floor space, the floors
are of tile and the walls wainscoted with enameled brick. The build-
ing is 260 feet long and varies in width from 64 to 78 feet. It has
two stories and a basement.

““On the left of the entrance, which is 28 feet wide, is the office of
the department of agriculture and a private office, a stenographer’s
room, and fireproof vault. Connected with the office on the south is
an assistant’s room, opening into a laboratory for advanced students.
At the extreme south end of this floor is a large laboratory for student
work in soils and farm crops. Connected with this laboratory is a
balance room, a storeroom, and an instructor’s laboratory. On the
west side of the main corridor and connected with the instructor’s
room, is a large class room opening into a preparation room with a
dark room. This class room is fitted with all appliances for showing
lantern slides of live stock, buildings, machinery, etec. On the same
side of the corridor and on the right of the stairway leading to the
basement and second floor are the class room and instructor’s room
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for dairying. On the right of the main entrance is the department
reading room. The north end of this floor is occupied by the museum
(which is 54 by 67 feet), with an attendant’s room. The north end of
the high basement is occupied by the dairy department. This con-
sists of receiving room, pasteurizing room, storeroorﬁ, refrigerator
room, lavatory, butter-making room, cheese-making room, two cheese-
curing rooms, and instructor’s room.

‘““In the south end of this floor is a live-stock room about 40 feet
square. One-third of this room is occupied by raised seats, the
remaining floor space being used for exhibiting and judging live stock.
Connected with this is a room fitted with stalls for the temporary
accommodation of live stock when needed for class exercises. The
basement also contains soil-storage room, bath room, toilet rooms,
repair shop, locker rooms, bicycle room, and janitor’s room. A small
detached building will furnish steam and power for the dairy depart-
ment. Detached from the main building, but connected with the
soil-storage room by a tramway, is a glass house 30 by 40 feet for the
study of soils and the experimental growth of plants.

““The north end of the second story contains a large student
laboratory for the department of agricultural chemistry, connected
with an organic analysis laboratory, a balance room, a storeroom,
and a private laboratory. The lecture room of this department, with
a preparation room adjoining, is at the south end of this floor and
will seat 160 students on raised seals.

““There is also on this floor a class room connected with preparation
room, storeroom, and instructor’s room which will be used temporarily
by the department of veterinary medicine. There is also an extra
class room, ladies’ toilet and locker rooms, and a hall for the use of
the Townshend Society, designed to seat about 200 persons.”

UNIVERSITY OF WISCONSIN.

The University of Wisconsin is ‘‘picturesquely situated at Madi-
son,” the State capital, on the shore of Lake Mendota, and is sup-
ported ¢‘partly by the income of Federal grants, partly by taxation
of the people of the State, and partly by private gifts.” It hasreceived
the benefit of no less than five Federal grants and six permanent
grants from the State inaddition to appropriations for buildings and
other specific purposes. In 1897 the total value of its endowment
funds, buildings, and equipment was reported to be $2,057,000, the
faculties included 130 professors and assistants, and the number of
students was 1,767. The university is divided into four colleges, let-
ters and science, mechanics and engineering, agriculture, and law,
" and two schools, pharmacy and music. The college of agriculture
embraces (1) the experiment station; (2) the graduate course; (3)
the long (four-year) agricultural course; (4) the short agricultural
course; (5) the dairy course; and, (6) the farmers’ institutes. In this
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institution the division of the subjeet of agriculture into special sub-
jeets with different teachers has been pushed to a considerable extent.
There are professors of agriculture, animal husbandry, and dairy
husbandry, and instructors in cheese making, milk testing, butter
working, separating of milk, pasteurizing, farm dairying, greenhouse
practice, and stoek judging. There are also separate chairs of agri-
cultural physies and bacteriology. Especial attention has been given
to providing facilities for research and instruction in agricultural
physies and dairying.

The horticulture-physies building (Pl. VI, fig. 2), completed in 1896,
is three stories in height and has a frontage of 78 feet by 60 feet in depth.
‘¢ At the rear are glass houses covering a space of 88 by 75 feet. The
right wing of the building, with its greenhouses, is devoted to plant
life and horticulture. The left wing, with its large glass house, is
devoted to instruetion and investigation in the physics and mechanics
of the farm.” The course in agricultural physics includes meteor-
ology, drainage, irrigation (Pl. VII, fig. 1), road building, construction
of farm buildings, soil physics, and original investigations in the
physical laboratory and field.

Hiram Smith Hall, a building with a frontage of 95 feet by 48 feet
in depth and three stories in height is devoted entirely to dairying.
“It contains an office, lecture room, reading room, dairy laboratory,
and rooms devoted to creamery practice, cheese making, farm dairy-
ing, pasteurizing, cheese curing, etc.” The student here has an
opportunity to observe and take part in all the operations of farm
and commercial dairying conducted with the most approved machinery
and by the methods which have been found most successful in recent
years. The course in dairying includes (1) lectures and class-room
work under eight different professors and specialists, embracing the
chemistry and bacteriology of milk and its products, breeding, selec-
tion, feeding, and management of dairy stock, heating, ventilation,
and other physical problems connected with dairy practice, care and
management of the boiler and engine, creamery management, and
accounts; (2) milk testing or the estimation of the fat in milk, butter,
and cheese by methods adapted to the factory and factory operatives;
(8) butter making on the creamery plan, including the use of power cen-
trifugal separators, the ripening of the cream, churning and packing
butter, and, in general, practical work in all the operations of a mod-
ern creamery; (4) cheese making, including instruetion in all the regu-
lar factory operations involved in the manufacture of Cheddar cheese.
There are also oepportunities for advanced studies in the chemistry
and bacteriology of dairying and experimental investigations in
butter and cheese making.

In Wisconsin the farmers’ institutes are organized and conducted
as a part of the university courses in agriculture. They are under
the immediate charge of a superintendent who is an officer of the
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college of agrieulture. Members of the agricultural faculty assist in
the institutes as far as their other duties will permit. Experts in dif-
ferent branches of agricultural scienece and practice from Wiseonsin
and other States are employed to give instruetion on special topics.
Above sixty institutes are held annually, and a selected portion of
the material presented at the institutes iy published each year in
bulletin form in an edition of 60,000 eopies, 8,000 of which are placed
in the school distriet libraries of the State.

UNIVERSITY OF CALIFORNIA,

On the Pacific eoast the University of California has played an
important part in the agricultural development of that great region.
This work has been very largely accomplished threugh the extemsive
and varied researches of the agricultural experiment station, which
for more than a score of years has pursued its labors as a department
of the university. In recent years it has become in a large way the
policy of the State to concentrate the management of its agencies for
the improvement of agrieulture, hortieulture, and forestry in the
State university. Naturally in a State whose agriculture is so young
and so flourishing comparatively few students have been found to
pursue regular eollege courses in agriculture. The university has,
however, provided ample facilities and thorough instruetion for such
students as have been qualified to undertake college work in this
department. The requirements for admission to the fout years’
course in agriculture are English, algebra, geometry, civil govern-
ment, physies, Latin or French or German, and two of the following
subjects: Advanced mathemafics, chemistry, betany, and zoelogy.
“In the eollege of agriculture (Pl. VII, fig. 2) about two-thirds of the
course is prescribed in preliminary, liberal, and techniecal studies.
The remainder is distributed among free electives and electives con-
sisting of agriculture and cognate studies.” The university comprises
the following departments of insiruction: (1) At Berkeley, colleges
of letters, social seiences, natural sciemnces, agriculture, mechanies,
mining, eivil engineering, and chemistry; (2) at Mount Hamilton, the
Lick Observatory; (3) at San Francisco, the institute of art, college
of law, two medical departments, colleges of dentistry and of phar-
macy, and veterinary department. In 1897 the colleges at Berkeley
reported faculties numbering 149 professors and assistants, and stu-
dents numbering 1,498 men and women. The permanent endow-
ments, buildings, and equipment were valued at $4,879,857 and the
annual income was $326,212.

GERERAL STATUS OF AGRICULTURE IN STATE URIVERSITIES,

In the universities in which courses in agriculture are maintained,
it may be said in general that the tendenecy is to make the regular
college courses in agriculture correspond in secope and thoroughness
with those given in the other departments, to divide the instruction
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in agriculture among an increasing number of specialists, and to pro-
vide buildings, apparatus, and illustrative material on a scale com-
mensurate with those in other branches. At the same time there is
increased effort to bring the university into close touch with the masses
of farmers through special schools, farmers’ institutes, nature teach-
ing, and other forims of university extension work. Along with this
is the deepening and strengthening of the scientific and. practical
researches carried on with a view to widening our knowledge of the
facts, laws, and processes required for the improvement of agriculture.
In a word, each year the universities are seeing more clearly that
agriculture is an important human interest, rightfully claiming the
best efforts of the most thoroughly trained minds for its ad vancement,
and that on the basis of agriculture may be built a system of instrue-
tion in language, literature, mathematics, science, and technology
which shall be well adapted to produce scholars, investigators, and
leaders in industrial progress.

SOME FEATURES OF STUDENT LIFE IN STATE UNIVERSITIES.

The limits of this paper forbid more than a brief reference to the
more general features of student life in the State universities. These
do not differ materially, however, from what are found throughout
the length and breadth of our land wherever college students are
‘congregated. There is the same enthusiastic, and, in some respects,
extravagant, devotion to athletics; there are the musical, literary, and
social societies with more or less of clannishness and secrecy; there
are the college papers and annuals in which some serious journalistic
work is done, and in which humor and wit are more frequently
attempted than realized. As these institutions are under the patron-
age of the State, there is less formal attention to the externals of
religion, but in all of them there are stated religious observances
and flourishing voluntary religious organizations. More and more
the students are made subject to the moral and religious influences
which pervade our best American communities, and in their college
life are judged by the same moral standards as are men and women
throughout the country.

In general, it may be said that the 30,000 young men and women
pursuing courses of instruction in the land-grant institutions of the
United States are, as a rule, leading earnest and serious lives, doing
much severe mental work, enjoying the sports and social recreations
of college life to the full, and preparing for careers of usefulness and
leadership in the multitudinous occupations of our complex civiliza-
tion. Our agriculture is every year feeling more fully the influence
of the trained mind, and it is not easy to measure the benefits which
may come to this branch of human activity when instruction and
research shall have reached their full development in the institutions
which have so rapidly been put in working order during the past
quarter of a century.
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Fia. 1.—CLAsSS SCORING PiGS, IoWA STATE COLLEGE OF AGRICULTURE AND MECHANIC
ARTS.

Fic. 2.—DAIRY BACTERIOLOGY ROOM, IoWA STATE COLLEGE OF AGRICULTURE AND
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Fi1G. 1. -CHEMICAL LABORATORY, ALABAMA POLYTECHNIC INSTITUTE.

Fie. 2.—DAIRY BuILDING, CORNELL UNIVERSITY, NEW YORK.
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Fig. 1.—TOWNSHENC HALL, OHIO STATE UNIVERSITY.

F1G. 2.—HORTICULTURAL-PHYSICS BUILDING, UNIVERSITY OF WISCONSIN.
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FiG. 1.—A LESSON IN IRRIGATION IN HORT'CULTURAL-PHYSICS BUILDING, UNIVERSITY
OF WISCONSIN.

F1G. 2.—AGRICULTURAL HALL, UNIVERSITY OF CALIFORNIA.



NEW WORK IN THE WEATHER BUREATU.

By WiLLIs L. MOORE,
Chief of Weather Bureau.

During the past year the work of the Weather Bureau of the
Department of Agriculture has been considerably expanded. The
most important new lines of work have been as follows:

(1) Additional stations of observation in the arid and subarid West
and in the principal cotton-producing regions of the South.

(2) The establishing of seventeen aerial meteorological stations.

(3) The inauguration of a tentative West Indian daily cablegraphic
meteorological service.

THE ADDITIONAL STATIONS IN THE WEST AND SOUTH.

For several years it has been apparent that there was a lack of
meteorological stations in the Rocky Mountain region; that the places
of observation were so widely scattered as to render it possible to
secure only an imperfect survey of the distribution of temperature
and pressure, which conditions are so essential to the making of
accurate forecasts, not only for that region, but for the extensive
area lying farther east. Therefore, under an appropriation specific-
ally made on the recommendation of the Secretary of Agriculture,
stations have been established at Kalispell, Mont.; Boise, Idaho;
Mount Tamalpais, Cal.; Flagstaff, Ariz., and Cedar City, Utah. Addi-
tional stations have also been established at Fort Worth, Tex.; Merid-
ian, Miss.; Macon, Ga.; Lexington, Ky.; Elkins, W. Va.; Evansville,
Ind., and Escanaba, Mich., and a climate and crop service is being
established in the Territory of Alaska, with headquarters at Sitka.

It is known that the cold waves which cause frost in the fruit dis-
tricts of California are due to high-pressure areas drifting southward
from the Canadian Northwest Territories along the Rocky Mountain
plateau, and that when these large masses of dry, clear air become
central over Utah or Nevada, notwithstanding the fact that the whole
eddy-like system is slowly moving.southeastward, they push out from
their centers a low layer of frosty air, which flows westward over the
Sierra Nevada range into the interior basin of California. The exten-
sive fruit industry of California will materially profit by the establish-
ment of the first few of the additional stations above named, as these
will enable the Bureau more accurately to measure the development
and drift of the air conditions which at times become so destructive
in California. Already the frost and rain warnings of the Bureau
have, in the judgment of the raisin and other fruit growers themselves,
been worth millions of dollars annually.

3 A98—6 81
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Theé stations recently established will not only assist in the develop-
ment of the agricultural and industrial interests of the States in which
they are respectively located, but they will be of material benefit in
improving the weather warnings and forecasts for the regions lying
both east and west of the Rocky Mountain plateau.

The section director of the climate and crop service of Wyoming, in
cooperation with a special agent of the Office of Experiment Stations
of the Department of Agriculture, has been directed to make a careful
study of the precipitation at voluntary stations in mountain regions,
with a view to determining the amount of snowfall at high levels.
He has been directed to secure as many additional voluntary observers
as possible, and, wherever the reports are especially desirable, to
arrange for paid observers. It is desired to know if a uniform ratio
exists between precipitation at moderate levels and precipitation on
high mountain ranges. It is true that the amount of snowfall deter-
mines in a great measure the volume of water available for the pur-
pose of irrigation during the crop-growing season. If theratio between
mountain snowfall and the precipitation at lower levels be always the
same, it will, of course, be possible to determine the amount of snow
by the precipitation measured at our many stations on low levels; but
if the ratio be not constant, it is apparent that accurate measurements
of precipitation should be made along the elevated zone that supplies
the streams in summer. From this and similar investigations, it may
be possible to make a fairly aceurate estimate of the volume of water
to be expected during each growing season. The subject is one that
requires careful investigation, so that faulty conclusions be not reached.

- Recently a tentative station was established on top of Mount Tamal-
pais, California. This peak rises abruptly to a height of 2,600 feet
above sealevel, at the entrance of San Francisco harbor. Observations
at this level are, in most cases, above the fog common to this vicinity
during a considerable portion of each year. They show some sur-
prising results. Out of the fifteen cases in which rain fell in the
interior valley of California, fourteen were preceded twelve to twenty-
four hours by strong westerly gales at the mountain station, and as &
rule marked changes of temperature east of the coastal and Sierra
Nevada ranges were preceded many hours by changes at the top of
the mountain; hence, it is deemed advisable to establish a perma-
nent meteorological station on Mount Tamalpais. An observatory is
now being erected which will be continuously occupied by trained
observers. It is hoped that, as a result of these observations, the
Bureau will be able to materially improve the character of its service
in the region contiguous to San Francisco.

THE NEW AERIAL STATIONS.

About three years ago the development of the kite along mechani-
" cal lines was undertaken by the Weather Bureau. An artisan and a
skilled mechanical engineer were assigned to this important duty.



NEW WORK IN THE WEATHER BUREAU. 83

They were also charged with the construction of an automatic mete-
orological instrument which would register pressure, temperature,
wind veloeity, and humidity, and yet not be oo heavy to be carried
by kites. They have succeeded fairly well in these undertakings, and
to-day the Bureau constructs kites which, with favorable wind move-
ment, will fly to a height-of from 1 to 2 miles. The automatic mete-
orograph, for securing a registration of the air conditions at high
levels, weighs but 2 pounds and 2 ounces.

During the past summer aerial stations have been established at
the following cities: Washington, D. C.; Knoxville, Tenn.; Mcemphis,
Tenn.; Cineinnati, Ohio; Lansing, Mich.; Saulte Ste. Marie, Mich.;
Duluth, Minn.; Dubuque, Iowa; Omaha, Nebr.; North Platte, Nebr.;
Pierre, S. Dak. ; Dodge City, Xans.; Topeka, Kans.; Fort Smith, Ark.;
Cairo, Ill.; Springfield, Ill., and Cleveland, Ohio.

At these stations daily observations at heights ranging from 1,000
to 7,000 feet are regularly secured, and a considerable amount of
meteorological data collected whieh will be used in the study of
important meteorological problems. This is the first time in the his-
tory of meteorological seience that such an extensive system of obser-
vations has been maintained at great altitudes in free air. It is
hoped that a considerable addition to cur knowledge of storms and
weather will result. By these observations we shall, among other
things, arrive at a more correct knowledge of the vertical distribu-
tion of temperature during the passage of rain storms and cold waves.
This knowledge is especially important in our efforts to securea more
accurate system of reducing barometric readings to sea level.

The vertical distribution of pressure and temperature and the hori-
zontal gradients of pressure and temperature at some considerable
elevation above the surface of the earth are important information
for the use of our forceasters in making accurate storm warnings. It
is yet to be determined whether or not a sufficient number of flights
to high levels can be secured simultaneously at many stations to
justify the use of the kite in taking observations to be used in mak-
ing daily maps and forecasts. This can not be determined until a
thorough test is made during actual atmospheric conditions in the late
fall, winter, and carly spring.

THE INAUGURATION OF A TENTATIVE WEST INDIAN CABLEGRAPHIC
SERVICE.

A study of a long series of international observations and of obser-
vations taken on shipboard has rendered it possible to accurately
determine the region of formation of the storms known in this country
as West Indian hurricanes. These are the most destructive storms
that approach our continent. The successful warning of one storm
may be worth several millions of dollars to the marine interests of the
.United States. A{ the time when our Navy was maneuvering in the
West Indies, it became especially important that every advantage
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known to meteorological science be made use of for the purpose of
forewarning our fleet against disaster from storms. This was the
motive that induced Congress to place at the disposal of the President
of the United States $75,000, to be expended in initiating and
maintaining a complete West Indian weather service. IHowever, the
great commerce of this region is alone sufficient to justify this country
in maintaining such a service permanently for the bLenefit of our
ocean navigators.

Some years ago Mr. Maxwell Hall, of Kingston, Jamaica, an ener-
getic English scientist, journeyed to England for the purpose of
inducing his Government to assist him in establishing such a service
as the United States now has in operation.

For several years past the Weather Bureau has received meteoro-
logical reports during a part of the year from native observers at
Havana, Kingston, St. Thomas, and Santiago. These observations,
although so widely scattered as to give but an imperfeet survey of
the atmospheric conditions, were often sufficient to enable the Weather
Bureau to detect the early approach of hurricanes and to warn the

- commerce of our South Atlantic coast; but the information received
from these stations was insufficient to enable the Bureau to give
warnings to the ports of the West Indies.

Acting under the President’s directions, the Seeretary of Agricul-
ture instructed the Chief of the Weather Bureau to install complete
meteorological stations at such places in Cuba, Jamaica, Santo
Domingo, St. Thomas, St. Kitts, the Windward Islands, and the
north coast of South America as would enable the Bureau to fully

- forewarn the commerce of this extensive region of the coming of hur-
ricanes. The Secretary’s order was that the vessels of all nations
should receive the benefit of the information precisely as they have
ir our own ports for many years past.

In accordance with the foregoing directions the Weather Bureau
inaugurated such a service. TEarly in July, for the first time in the
history of practical meteorology, a daily synoptic chart of the West
Indies was constructed. Since that time such a chart has been com-
piled twice daily. The area covered by these observations is equal °
to that of the United States, although the greater part of the region -
is covered by water, and the stations are not, therefore, placed as
close together as might be desired.

In the benefits derived from extending the Weather Bureau system
to the West Indies the commerce of all countries shares equally with
that of the United States. While others have stood back and waited
for a more progressive nation and a more feasible opportunity, the
United States, spurred on by the necessities of war, extended to this
vast region one of the most beneficent services that science is able to
render the mariner. R

The new service soon had opportunity to demonstrate its utility.
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The appreach .of the hurricane which created such destruction in the
Windward Islands on Sunday night, September 11, 1898, was dis-
cerned on the previous day. At 8 a. m. on Saturday morning obser-
vations on the islands of Martinique and Trinidad gave slight indi-
cations of a disturbance southeast of the Windward Islands. At
12.40 p. m. a special observation taken at Barbados indicated a fall
of nearly one-tenth of an inch in the barometer during the preceding
two hours. This movement of the barometer at Barbados, taken in
connection with the atmospheric survey of the whole West Indies,
made four hours previous, satisfied the forecast officer that a hurri-
cane would soon develop over the Windward Islands, although to the
nonexpert there were no indications of a coming storm.

Hurricane warnings were immediately dispatched to all ports in the
islands of Barbados, Martinique, St. Thomas, and St. Kitts, and they
were advised to prepare for a destructive storm. They were informed
that the hurricane would move from a point south of Barbados, and
that it would travel slowly northwesterly, with wind increasing to a
hurricane velocity. Cable communication was perfect, and the warn-
ings were promptly received. Advisory messages were sent to Colon,
Curagao, Santo Domingo, Trinidad, and Santiago. A message wasalso
sent to Admiral Watson’s flcet, lying in the harbor of Caimanera,
Cuba.

How completely these warnings were verified by the coming of the
storm twenty-four hours hence was shown by the press dispatches a
few days later. While the destruction of life and property was great,
there is no question but that hundreds, if not thousands, of lives and
millions of property were saved by reason of the complete warnings
given by the United States. These warnings were of benefit to the
commerce of all nations. Aside from the saving in human life, they
have, from a financial and commercial standpoint, fully justified the
President in asking for the necessary appropriation and in personally
directing the inauguration of a complete and efficient meteorological
service.

LOSS OF FARM PROPERTY BY LIGHTNING.

In order to determine the frequency of lightning stroke and the
amount of property that is destroyed annually by that agency, the
‘Weather Bureau has undertaken to collect, through the cooperation
of agerts and adjusters of farmers’ mutual insurance associations
and many private persons, statistics of loss to farm property, includ-
ing live stock in the fields. The data so collected will, in the course
of time, afford means of determining an equitable rate on lightning
risks.

The impression that there has been a perceptible increase in the
number of storms and of fatalities 'by lightning stroke within a com-
paratively short period is more or less prevalent in some States, and
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this view is also held by insurance companies which include lightning
risks in their business. The statistics that have been adduced thus
far in support of the hypothetical increase are far from convincing.
It might casily happen that a short term of years taken at random
would show a much greater number of cases of lightning stroke than
a corresponding number of years at some other time. In order to
arrive at a satisfactory conclusion as to the relative frequency of
lightning stroke in the various States and Territories it will be nec-
essary to collect observations for at least twenty years. It will also
be necessary to secure accurate returns of the number of insured
buildings in the several States and Territories for each year covered
by the statistics of damage by lightning stroke.

There is undoubtedly a very great variation in the number of destruc-
tive lightning strokes from one year to another. A single illustration
is given in the subjoined table, the values of which have been com-
piled from the annual reports of the commissioner of insurance for
Michigan. The number of lightning strokes given in the table does
not by any means represent the total number of cases of damage that
occurred in that State during the years mentioned. There must have
been many cases of damage by lightning not covered by insurance,
all of which are necessarily omitted from the table.

Property loss in Michigan by lightning.

Year. Nu‘g::; of | Toss. Year. Nuégg:; of | 10ss.
1883 e e e 348 | $38,466 || 1890 . ociececceaiaas 540 | $58,086
1884 el Norecord. |......... h E331) No record. |----.....
332 | 43,946 || 1892 . ... Norecord. |.........
305 | 42,745 || 1898 . ccoeee et caeeaees No record. |-cee... .
208 | 22,201 || 1804 oo caeeee 697 | 76,423
255 | 28,129 || 1895. cee e caan 316 | 87,563

102 | 21,745 f| 1896.euecuecccccicaccnannns 1,509 | 143,841




THE DANGER OF INTRODUCING NOXIOUS ANIMALS
AND BIRDS.

By T. S. PALMER, .
" Assistant Chief of Biological Survey.

INTRODUCTION.

Acclimatization of plants and animals has attracted attention in
all parts of the world. Useful or curious species have been intro-
duced from one country to another with varying degrees of success;
some have failed while others have become acclimated, and occa-
sionally have increased to such an extent as to usurp the places of
native species. In comparing the results of the intreduction of
plants and of animals, the important difference between these two
classes of experiments should not be lost sight of. Plants, on the one
hand, are introduced almost without exception for purposes of cultiva-
tion, and are therefore kept somewhat under control. Occasionally,
under favorable conditions, they ¢‘ escape” and increase so rapidly that
they become troublesome weeds. Chicory and wild garlic of the
Eastern States and the water hyacinth of Florida are familiar exam-
ples of weeds originally introduced as useful or ornamental plants.
Animals, on the contrary, unless intended for pets or for exhibition
in menageries or zoological gardens, are seldom kept in captivity,
but are liberated and allowed to live as nearly as possible under nat-
ural conditions. Only the strongest and hardiest species survive,
and in adapting themselves to new surroundings necessarily cause
some change in the existing fauna. If prolific, they are likely to
become abundant in a short time; if they crowd out indigenous spe-
cies, they are regarded asnuisances. Hence, it is sometimes said that
acclimatization of animals has produced far less satisfactory results
than that of plants, but the comparison is made between the relatively
small number of animals, birds, and insects purposely imported and
allowed to run wild and a long list of useful and ornamental plants
carefully kept under cultivation.

MYXANS OF DISPERSAL.

Animals are transported from one country to another or to distant
islands either by accident or by the direct agency of man. Horses,
cattle, sheep, goats, pigs, dogs, and cats are now almost cosmopolitan,
but they owe their wide distribution entirely to man, who has carried

them with him to all parts of the earth. Accidental distribution is
87
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much less common in the case of mammals and birds than among the
smaller plants and insects, and species which have gained a foothold
in distant Jands have almost always been intentionally introduced.

Certain small mammals have, however, accidentally found their way
in vessels from one port to another. 'I'wo or three species of rats
and the house mouse of Europe have thus become widely dispersed
over the globe. Fruit vessels plying between ports of the United
States and Central or South America occasionally bring snakes,
small mammals, and insects in bunches of bananas. In November,
1895, a Central American mouse, of the genus Oryzomys, concealed in
a bunch of bananas shipped from Puerto Limon, Costa Rica, was cap-
tured alive in a commission house in Washington, D. C. A young
murine opossum from tropical America was discovered in a bunch of
bananas at Ames, Iowa, during the summer of 1882, and was kept
alive for some time. If such cases were frequent, it can be readily
seen how a species might gain a foothold in new regions, provided
the conditions were favorable for its increase.

During the last fifteen or twenty years Bering Island, one of the
Commander group in Bering Sea, has been overrun with the com-
mon Siberian red-backed mouse (Ewvolomys rutilus). This species
was formerly unknown on the islands, but has been introduced since
1870, probably in firewood brought from Kamchatka. Within ten
years it spread all over the island from the beaches to the mountains
in the interior. It occurs both in the swamps and on the sand dunes,
and has become a pest in the huts of the natives: In 1889 it was still
confined to Bering Island, but will probably reach Copper Island in
time.

DOMESTICATED SPECIES MAY BECOME NOXIOUS.

Domesticated animals, like cultivated plants, may run wild and
become so abundant as to be extremely injurious. Wild horses are
said to have become 80 numerous in some parts of Australia that they
consume the feed needed for sheep and other animals, and hunters are
employed to shoot them. In some of the Western States they have
also become a nuisance, and in Nevada a law was passed in 1897 per-
mitting wild horses to be shot. Recent reports from Washington
indicate that cayuses are considered of so little value that they are
killed and used for bait in poisoning wolves and coyotes.

Pigs have run wild in some of the Southern States and also on cer-
tain islands, where, as on the Galapagos, they were originally intro-
duced to furnish food for crews of vessels in need of fresh meat.
According to Dr. Finsch,! they were introduced into New Zealand by
Captain Cook about 1770, and soon becoming wild, increased to a
remarkable degree. A century later wild pigs were so abundant in
the flax thickets of the province of Taranaki, on the North Island,

1 Globus, LXIX, 1896, Nr. 2.
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that a hunter could shoot fifty in a single day. Dr. Finsch also cites
a case mentioned by IHochstetter in which 25,000 wild pigs were said
. to have been killed by three hunters in less than two years.

Shcep and goats when numerous are likely to cause widespread
injury, particularly in forested regions. An instructiye example of
the damage done by goats is that on St. Helena, described by Wallace.!
St. Helena is a mountainous island scarcely 50 square miles in extent,
and its highest summits reach an elevation of 2,700 feet. At the time
of its discovery, about the beginning of the sixteenth century, it is
said 1o have been covered by a dense forest; to-day it is described as
a comparatively barren rocky desert. This change has been largely
brought about by goats first introduced by the Portuguese in 1513, and
which multiplied so fast that in seventy-five years they existed by
thousands. Browsing on the young trees and shrubs, they rapidly
brought about the destruction of the vegetation which protected the
steep slopes. With the disappearance of the undergrowth, began the
washing of the soil by tropical rains and the destruction of the forests.
In 1709 the governor reported that the timber was rapidly disappear-
ing and that the goats should be destroyed if the forests were to be
preserved. This advice was not heeded, and only a century later, in
1810, another governor reported the total destruction of the forests
by the goats, and in consequence an expense of $13,600 (£2,729) in
one year for the importation of fuel for Government use.

The Santa Barbara Islands, off the coast of southern California, and
the island of Guadalupe, off the Lower California coast, are utilized
as ranges for goats. All these islands are dry and more or less covered
with brush, but arborescent vegetation is comparatively scarce. The
goats practically run wild, and already exist in considerable numbers.
On Santa Catalina, one of the Santa Barbara group, wild-goat hunting
is one of the diversions afforded tourists, and is considered one of the
principal attractions of this popular summer resort. As yet the goats
have not been on the islands long enough to cause any serious effects
on the vegetation, and they may never bring about the ruin which has
been wrought on St. Helena. But it is scarcely possible for the islands
to be grazed by goats for an indefinite length of time without suffering
serious damage.

House cats are often greater pests than commonly supposed.
When numerous about the suburbs of cities and towns, they are
apt to forage for a living either from necessity or choice, and their
food is by no means confined to rats and mice. They are constantly
on the watch for birds, but it is impossible even to estimate how
many they destroy. It is eertain, however, that in some places the
decrease in native birds is largely due to their presence. Where
cats have run wild on isolated islands, their work can be more readily
appreciated. On Sable Island, off the coast of Nova Scotia, they were

1Island Life, 1880, pp. 283-286.
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introduced about 1830 and rapidly exterminated the rabbits, which
had been in possession of the island for half a century. In one of the
harbors of Kerguelen Island, southeast of the Cape of Good Hope, cats
were allowed to run wild upon a little islet known as Cat Island, which
has been used as a wintering place for sealers for many years. Here
they live in holes in the ground, preying upon sea birds and their
young, and are said to have developed such extraordinary ferocity
that it is almost impossible to tame them even when captured young.
Dr.W. L. Abbott states that on Aldabra, about 200 miles northwest of
Madagascar, cats are common on the main island, and have com-
pletely exterminated the flightless rail (Rougetius aldabranus), an
interesting bird, peculiar to this group of islands. They are also
numerous en Glorioso Island, 120 miles to the southeast, and in eon-
sequence birds are less common even than on Aldabra.!

The Chatham Islands, 500 miles east of New Zealand, were
colonized about fifty years ago; cats, dogs, and pigs were introduced,
and the native birds, represented by fifty-five species, including
thirteen not found elsewhere, have since greatly decreased in num-
bers. Two of the most interesting birds are land rails of the genus
Cabalus. Dr. Dieffenbach, naturalist of the New Zealand Company,
who visited the islands in 1840, states that one of these rails {Cabalus
dieffenbachi), called by the natives ‘‘meriki,” was formerly com-
mon, but since the introduction of cats and dogs it has become very
searce. It is mow probably extinct, and the closely related species
C. modeslus will doubtless soon suffer a similar fate, since the islet of
Mangare, {o whieh it is confined, has recently been invaded by cats.?

SOURCES OF DANGER FROM NOXIOUS:SPECIES.

The animals and birds which have thus far become most trouble-
some when introduced into foreign lands are nearly all natives of
the Old World. The mammals belong to three orders: (1) Rodents,
imcluding rats of two or three species, the house mouse, and rabbit
of western Asia or southern Europe; (2) Carnivores, represented by
the stoat, weasel, and commmon house cat of Europe, and the mon-
goose of India; (3) Cheiroptera, represented by large fruit-eating bats
or flying foxes of Australia and the Malay Archipelago. Flying foxes
havé not yet been actually introduced, but are likely to be carried to
different islands in the Pacific, and are dangerous because of their
depredations on fruit. The birds comprise the house sparrow and
starling of Europe, and the mina of India. Other species, usually
regarded as beneficial in their native homes, such as the European
skylark, green linnet, black thrush or blackbird, and the great tit-
mouse or kohlmeise, are likely to prove injurious in new surround-
ings. Most of these species have extended their range from the east

1 Proc. U. S. Nat. Mus., X VI, 1894, pp. 762, 764.
2 Forbes, Ibis, 6th ser., V, 1893, pp. 523, 531-5383.
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toward the west, although the minas have been carried in the opposite
direction to New Zealand and the Hawaiian Islands, and flying foxes
are likely to extend northward and eastward. The main danger for the
United States lies in species native to central and southern Europe
and western Asia, but tropical species, particularly of India, might
become acclimated in the Southern States. In order to show how
these animals and birds have already spread, and the damage they
have doue, it will be necessary to refer briefly to the history of each

specles
RATS AND MICE.

Rats and mice are among the greatest pests with which man has to
contend, and the annoyance and damage which they occasion are
beyond computation. They are ubiquitous, abundant alike in the
largest cities and on the most distant islands of the sea. They have
not been intentionally introduced anywhere, but have found their
way by means of vessels to all parts of the earth. Small islands, pop-
ulated with rats from wrecks, or otherwise, are occasionally overrun
by these animals. On the island of Aldabra, already mentioned, rats
fairly swarm, and are very desfructive to the gigantic native land
tortoise, eating the young as soon as they are hatched. Sable Island,
off the coast of Nova Scotia, has suffered from several plagues of rats,
and it is said that the first superintendent of the light station and his
men were at one time threatened with starvation owing to the inroads
made on their stores by rats.

The common brown raf.—The common brown rat, known also as the
wharf rat and Norway rat (Mus decumanus), was originally a native
of western China,! and until two hundred years ago was unknown in
Europe or America. It is very prolific, producing from four to twelve
young at a birth several times a year, and has spread so rapidly that
at the present time it is nearly cosmopolitan. In the autumn of 1727
large numbers of brown rats entered Europe by swimming across the
Volga, and, gammv a foothold in the province of Astrakan in eastern
Russia, spread westward over central Europe. Five years later (1732)
they reached England by vessels from western India. The brown rat
appeared in east Prussia about 1750, and in Denmark and Switzerland
in 1809. It reached the eastern coast of the United States about 1775,
and in 1825, according to Sir John Richardson, had extended as far
west.in Canada as Kingston, Ontario. By 1855 it was abundant at sev-
eral points on the Pacific coast, including San Francisco, Cal. ; Astoria,
Oreg., and Steilacoom, Wash., and its range on the west coast now
extends as far north as Alaska, at Sitka, Kadiak, and even Unalaska.

1Blanford (Mammals of India, 1888-1891, p. 409), who gives Chinese Mongolia as
its probable original habitat, states that it is not indigenous to India, and is
unknown in Pessia and Afghanistan, but suggests that it will probably be intro-
duced into the two latter countries as soon as wheeled vehicles take the place of
pack animals
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At the present time it is probably abundant in all the larger cities of
the United States except in the South, where it is replaced by another.
species.

The Vlack, or house, rat.—The black rat, or house rat (Mus rattus),
was in all probability originally a native of Asia. The time of its
introduction into Europe is uncertain, but in the middle ages it was
the common house rat of central Europe. The date of its introduc-
tion into the New World is placed as early as 1544, or more than
two hundred years previous to that of the brown rat. It evidently
became very generally distributed along the coasts and in the principal
seaports, and by the middle of the present century was known as far
north as Halifax and Montreal, Canada, and on the Pacific coast at San
Diego and Humboldt Bay, California. . Since the introduction of the
brown rat, the black rat has become comparatively rare in most places
where the former is abundant. Inthe Laccadive Islands,in the Indian
Ocean, the black rat seems to have modified its habits and become
arboreal. It is said to live in the crowns of the cocoanut trees with-
out descending to the ground, and to do great damage by biting off
the nuts, upon which it feeds, before they are ripe.

The roof, or white-bellied, rat.—The roof rat, or white-bellied rat
(Mus alexandrinus), is a native of Egypt, Nubia, and northern
Africa, and evidently found its way to America by way of Italy and
Spain at an early date. It probably reached this continent long
before the brown rat, but the exact date of its arrival is uncertain.
It is common in Brazil, in some parts of Mexico, and in the southern
United States, and is known to occur at least as far north as the Dis-
mal Swamp, in southern Virginia. .

The house mouse.—The well-known house mouse (Mus musculus
is readily distinguished from the native white-bellied mice of North
America by its nearly uniform brownish color above and below. It
is a native of Europe and central Asia, but now oceurs all over the
world. In the United States it is found from Florida to Maine, and
from San Diego to the Pribilof Islands. It is not restricted to the
seaports, as it made its way inland at an early date. Sir John Rich-
ardson, in 1829, mentions having seen a dead mouse in the store-
house of the Hudson Bay Company, at York Factory, among packages
of goods brought over from England, and states that the house mouse
was introduced at Engineer Cantonment, on the Missouri River, near
Council Bluffs, Towa, by Long’s Expedition in 1819-20. By 1855 it was
found at many points in the interior, such as Prairie Mer Rouge, La.;
Fort Riley, Kans.; Fort Pierre, S. Dak.; Fort Redding, Cal., and
Parras, Coahuila, Mexico. It has even penetrated to such points as
the Huachuca Mountains in Arizona, where it was introduced about
1891 in a wagonload of seed grain. It reached Bering Island, one
of the Commander group off Kamchatka, in 1870, in a cargo of flour
shipped from San Francisco in the schooner Justus. In the southern
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hemisphere it occurs at Punta Arenas, Patagonia, and is common in
such out-of-the-way places as Gough Island, in the middle of the
South Atlantic, and Kerguelen Island, southeast of the Cape of Good
Hope. In short, its distribution is apparently limited only by the
Arctic and Antaretic circles.

RABBITS,

The common rabbit of Europe (Lepus cuniculus) was originally
introduced into Australia for purposes of sport, and the results of the
experiment are so well known that anything more than a brief refer-
ence to them is unnecessary. Suffice it to say that the rabbits were
liberated near Mclbourne about 1864, and by 1878 had extended west-
ward over Victoria and beyond the Murray River. They were also
introduced into Tasmania and New Zealand, and spread over the
country like a scourge. So rapidly did they multiply that in 1879
legislative action for their destruction was begun in South Australia, -
and the example was soon followed by New South Wales, New Zealand,
Queensland, and Tasmania. At the present time their range in Aus-
tralia is probably equal in arca to that of our three largest States—
Texas, California, and Montana. Millions of dollars have been spent
for bounties, poisons, and various other methods of destruction;

. thousands of miles of rabbit-proof fences have been built, and hun-
dreds of schemes for destroying the animals have been suggested, but
nothing has yetl been found that will effectually exterminate the pest.
Natural enemies, such as cats and other carnivorous animals, have
been introduced, and in certain parts of New Zealand at least have
become almost as much a pest as the rabbits they were intended to
kill. In 1887 no less than 19,182,539 rabbits were destroyed in New
South Wales alone, but despite the efforts of the Government and
private landowners the rabbits seem to be still increasing. In the
meantime, a great industry has grown up in the export of rabbit
skins. For the last five years New Zealand has been shipping an
average of about 15,000,000 per annum, and since 1873 has exported
more than 200,000,000. Recently, canning rabbit meat for export to
European markets is assuming larger proportions and gives promise
of developing into an important industry.

THE MONGOOSE.

The common mongoose of India (Herpestes mungo or H. griseus, Pl.
VIII) is a well-known destroyer of rats, lizards, and snakes, and has
been introduced into Jamaica and other tropical islands for the pur-
pose of ridding cane fields of rats. The annual loss which the island of
Jamaica formerly suffered on account of the ravages of the introduced
black rats (Mus rattus) and brown rats (M. decumanus), and the
so-called ‘‘cane-piece rat,” including the expense of destroying these
pests, was estimated at £100,000, or $500,000. Various remedies were
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tried, but apparently with little success, until in February, 1872, Mr.
W. Bancroft Espeut introduced nine individuals of the mongoose, four
males and five females, from India. These animals increased with
remarkable rapidity, and soon spread to all parts of the island, even
to the tops of the highest mountains. A deercase in the number of
rats was soon noticeable, and in 1882, ten years after the first intro-
duction, the saving to the sugar planters was said to be £45,000, or
$225,000, per annumn.

Still the mongoose increased, and its omnivorous habits became
more and more apparent as the rats diminished. It destroyed young
pigs, kids, lambs, kittens, puppies, the native ‘‘coney,” or capromys,
poultry, game, birds which nested on or near the ground, eggs, snakes,
ground lizards, frogs, turtles’ eggs, and land crabs. It was also known
to eat ripe bananas, pineapples, young corn, avocado pears, sweet
potatoes, cocoanuts, and other fruits. Toward the close of the second
decade the mongoose, originally considered very beneficial, came to
be regarded as the greatest pest ever introduced into the island.
Poultry and domesticated animals suffered from its depredations, and
the short-tailed capromys ( Capromys brachyurus), which was formerly
numerous, became almost extinct except in some of the mountainous
districts. The ground dove (Columbigallina passerina) and the quail
dove (Geotrygon montana) became rare, and the introduced bobwhite,
or quail, was almost exterminated. The peculiar Jamaica petrel
(Astrelata caribbea), which nested in the mountains of the island,
likewise became almost exterminated. Snakes, represented by at
least five species, all harmless, and lizards, including about twenty
species, were greatly diminished in numbers. The same thing was
true of the land and fresh-water tortoises and the marine turtle
(Chelone viridis), which formerly laid its eggs in abundance in the

.loosc sand on the morth coast. The destruction of insectivorous
birds, snakes, and lizards was followed by an increase in several
injurious insects, particularly ticks, which became a serious pest,
and a Coccid moth, the larvae of which bore into the pimento trees.
In 1890 a commission was appointed by the Government to consider
whether measures should be taken to reduce the number of the
animals, and the evidence collected showed conclusively that the evil
results of the introduction of the mongoose far outweighed the bene-
fits rendered to the sugar and coffee plantations.

Recently there has been a change in the situation, and the mon-
goose is now reported as decreasing, while certain birds and reptiles,
particularly the ground lizard, are increasing. Quail and pigeons
are reported as more numerous, and there isless complaint concerning
the destruction of poultry. Thus, Jamaica scems to have passed the
high-water mark of loss occasioned by rats and by the mongoose, and
while its fauna has been modified by the presence of the intruders,
both native and introduced species are gradually accommodating
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themselves to the changed conditions, and a new balance of nature
is being established.?

Aceording to Mr. Espeut,? who originally introduced the mongoose
info Jamaica, large numbers of the animals have been sent to Cuba,
Puerto Rico, Grenada, Barbados, Santa Cruz, and elsewhere, but the
fate of these shipments, made at least sixfeen years ago, is now un-
known. It is now established on Haiti, as shown by the capture of a
specimen at Santo Domingo City in the winter of 1895,® and is gen-
erally distributed over the island of Puerto Rico. It is also present
on the island of Vieques, east of Puerto Rico, and is abundant on
St. Thomas. During a recent visit Mr. A. B. Baker found it along
the coast of Puerto Rico at Arecibo, San Juan, Fajardo, Arroyo,
Ponce, and Mayaguez, and in the interior at Utuado and Adjuntas.

-1t was introduced at Sam Juan abou} 1877-79, and although now

becoming a nuisance, is considered beneficial by the sugar planters
who claim that the rats, which were formerly very destructive to
cane, now do little damage. These rats often live in the tops of
the royal and cocoa palms and destroy cocoanuts as well as sugar
cane. :

The first efforts to introduce the mongoose into the Hawaiian Islands
were made about 1881, when a few individuals of a large species were
brought from the East Indies and liberated on a sugar plantation in
the district of Hamakua on Hawaii. These animals did not breed
and soon disappeared. A few months later a few pairs of a smaller
species were imported from Calcutta, but nearly all were accidentally
drowned while being landed near Hilo. Soon afterwards 75 individ-
uals were imported from Jamaica by the planters of Hilo, and later
215 more were imported for Ilamakua. Here the mongoose is aiding
in the rapid extermination of some of the native birds, particularly
the IHawaiian goose (Nesochen sandvicensis), which is found only on
those islands aboVve an altitude of 4,000 feet, and the Hawaiian duck
{Anas wyvilliana), also a peculiar species. According to Mr. H. W.
Henshaw this duck was common about Hilo four years ago, but in
1898 none were left anywhere in this region. As in Jamaica, the
depredations of rats in the cane fields diminished with the increase of
the mongoose, but'the latter soon became so abundant that measures
became necessary to keep it under control. In 1892 a law was passed
forbidding the introduction, breeding, or keeping of the mongoose in
the islands, and the sum of $1,000 was appropriated for the payment
of bounties on animals killed on the island of Oahu. These rewards,
not to exceed 25 cents per head, were to be paid by the Minister of
the Interior, but apparently no applications were made for them, the
animals being regarded as a necessary evil in the sugar-cane districts.

1See Duerden, Journ. Inst. Jamaica, II, 1896, pp. 278-275.
2 Proe. Zool. Soc., London, 1882, p. 714.
3 Elliott, Field Columbian Mus., Zool. Ser., I, 1896, p. 82.



96 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Attempts at introduction in other countries have not succeeded
so well. The mongoose was introduced into the Fiji Islands, prob-
ably about 1870, but apparently has not increased to the extent to
which it has in Hawaii. Early in the eighties several experiments
were made in Australia, which resulted in failure. More than a
hundred individuals were liberated near the Murray River, and
others in New South Wales. An experiment was also made in New
Zealand, but apparently without much success.! In February, 1892,
it was erroneously reported that the Department of Agriculture was
about to introduce the mongoose into the United States for the pur-
pose of destroying gophers in the West. Although founded on a
mistake, and speedily corrected, the rumor was so well heralded by
the press that it attracted widespread attention. Persons who were
familiar with the situation in Jamaica and Hawaii protested vigor-
ously against the supposed experiment. Others, ignorant of the
animal’s past record and anxious to try some new method of extermi-
nating gophers, prepared to obtain specimens from Honolulu. By
the most strenuous efforts these importations were prevented, and
as yet the mongoose is not known to have gained a foothold on this
continent.

FERRETS, STOATS, AND WEASELS,

In the attempt to check the rabbit pest in New Zealand, recourse
has been had to the importation of natural enemies, such as ferrets,
stoats (Putorius ermineus), and weasels (P. nivalis). In the Waira-
rapa district some 600 ferrets, 300 stoats and weasels, and 300 cats
had been turned out previous to 1887. Between January, 1887,
and June, 1888, contracts were made by the Government for nearly
22,000 ferrets, and several thousand had previously been liberated on
Crown and private lands. Large numbers of stoats and weasels have
also been liberated during the last fifteen years. This host of preda-
tory animals speedily brought about a decrease in the number of
rabbits, but its work was not confined to rabbits, and soon game birds
and other species were found to be diminishing. The stoat and the
weasel are much more bloodthirsty than the ferret, and the widespread
destruction is attributed to them rather than to the latter animal.
Now that some of the native birds are threatened with extermination,
it has been suggested to set aside an island along the New Zealand
coast where the more interesting indigenous species can be kept safe
from their enemies and saved from complete extinction.

FLYING FOXES, OR FRUIT BATS.

On August 4, 1893, the steamer Monowas from Australia arrived at
San Francisco, having on board a fruit-eating bat, or flying fox. The
animal had taken refuge on the steamer off the coast of Australia,

1 Final Rept. Royal Comm. Inquiry Exterm, Rabbits Australasia, 1890, p.9.
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and was captured and kept as a pet by one of the passengers.
It was promptly killed by the quarantine officer at San Francisco,
and four more, which arrived in captivity two months later from
China, on the steamer Rio de Janeiro, met the same fate. Attention
was called to the danger of the new pest, and one of the regulations
adopted by the State board of horticulture in the following year pro-
hibited the importation of these animals into California.
Flying foxes belong to the genus Pteropus (fig. 1), one of the best-
known groups of fruit-eating bats. The genus includes some fifty
species which are found in the tropics of the Old World, from Mada-
gascar and the Comoro Islands east to Australia, and the Samoan
Islands, and north to India, Malay Archipelago, and southern Japan.
Five species occur in Australia, two of them as far south as New South
Wales (lat. 35° S.), but none are
found in New Zealand or in the Ha-
waiian Islands. The largest species
is the Kalong or Malay fruit bat
(Pteropus edulis), which measures
more than 5 feet across the tips of
the wings. ' '
In Australia these bats are de-
scribed as living in immense commu-
nities or ‘““camps” in the most inac-
cessible parts of the dense scrub of
gullies and swamps. Here they may
-be seen by thousands, frequently
crowded sou thickly on the trees that
large branches are broken by their
weight. They fly considerable dis-
tances in search of food, sallying
forth in flocks about sunset and re- Fiu.1.—Flying fox (Fteropus sp., redrawn
turning to their camps before dawn. fgﬁomgs Zoologleal Soclety,
In New South Wales, and more espe-

cially in Queensland, flying foxes are one of the worst pests of the fruit
grower, and aredescribed as a plague which threatens the fruit-growing
industry in a large part of Australia. They are particularly injurious
to figs, bananas, peaches, and other soft fruit, and it is estimated that
the damage done Lo orchards in the coast district of New South Wales
amounts to many thousands of pounds annually. Various expedients
have been suggested to protect orchards from their depredations.
Rags dipped in melted sulphur and hung among the branches, netting
placed over the trees, and wires suspended around the trees, and even
stretched close together from poles and covering the whole orchard
have been tried, but apparently without much success. The most prac-
tical method is to destroy the bats in their camps. A few years ago the
Minister for Mines and Agriculture for New South Wales snpphed

1 A98—7




98 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

ammunition for this purpose and, after considerable expenditure of
powder and shot, about 100,000 foxes were destroyed at a cost of about
30 cents apiece. Wholesale destruction with dynamite was suggested
and experiments with high explosives were made by the department
of agriculture. Charges of roburite (1 to 4 pounds) and gun cotton (2% -
pounds), connected with wires so that they could be fired by an electric
current, were placed in the branches of trees where the bats were
accustomed to roost The bats carefully avoided the trees in which
explosives were hung, and when the charges were fired none were
killed, even among those roosting in neighboring trees.!

Since nearly all the species of flying foxes are natives of the Trop-
ics, it is hardly likely that they could gain a foothold in the United
States, except in the South, but there is a serious danger of their
introduction into the Hawaiian Islands by means of vessels plying
between Honolulu and the Orient, the South Sea Islands, and Australia.

THE ENGLISH SPARROW,

The house sparrow, better known in America as' the English spar-
row (Passer domesticus), is a common bird of north central Eurasia.
It is said to range as far north as latitude 67° in Europe and to lati-
tude 61° in Asia.. The damage which it does in destroying fruit and
grain, in disfiguring buildings in cities and towns, and in driving
away other birds, makes it one of the worst of feathered pests. The
rapidity with which it increases in a new locality is scarcely more
remarkable than the persistency and care which have been displayed
in introducing it into foreign lands, in spite of the warnings of per-
sons familiar with its habits. It has gained a foothold on all of the
continents, and has been transported to some of the most distant
islands in the Indian and Pacific oceans. In North America it has
not increased very rapidly north of the Transition zone nor in the Lower
Austral, but wherever it has become at all abundant efforts to exter-
minate it have been practically futile.

The English sparrow was first introduced into the United States
by a gentleman of Brooklyn, N. Y., who brought over eight pairs
from Europe in the 'fall of 1850 and liberated them in the fol-
lowing spring. These birds did not thrive, and in 1852 a second
importation was made. In 1854 and 1858 the sparrow was introduced
at Portland, Me., and in the latter year at Peacedale, R. 1., and a few
birds escaped at Boston, Mass. During the next decade it was im-
ported direct from Europe to eight other cities, and in one case 1,000
birds were sent"to Philadelphia in a single lot; birds were also dis-
tributed from the colonies already started in this country. By 1870
it had become established as far south as_Columbia, S. C., Louisville,
Ky., and Galveston, Tex.; as far west as St. Louis, Mo., and Daven-
port, Iowa, and as far north as Montreal, Canada, thus gaining a

'Agr. Gazette, New South Wales, 1, 1890, p. 105.



DANGER OF INTRODUCING NOXIOUS ANIMALS AND BIRDS. 99

foothold in twenty States, the District of Columbia, and two provinces
in Canada. '

Between 1870 and 1880 it was estimated that its range had béen
extended by nearly 16,000 square miles, and isolated colonies were
established at San Francisco (1871-72) and Salt Lake City, Utah
(1878). During the next five years it spread over more than 500,000
square miles, and in 1886 had become established in thirty-five States
and five Territories, occupying practically all of the region east of
the Mississippi River (except portions of Florida, Alabama, and Mis-
sissippi), as well as parts of eight States in the West. Its range was
estimated to cover 1,033,000 square miles, including 148,000 square
miles in Canada. ’

’
9,725, 000 900, 7,
S0, O, 4
”'/,,'" w1080,

F1G. 2 —Map showing spread of English sparrow in the United States: The entire shaded area
represents approximately the present distribution of the sparrow; triangles indicate colonies
in 1860; black spots, colonies in 1870; circles, isolated colonies in 1886; dotted area, range in
1886; lined area, extension of range up to end of 1898.

At the present time (1898) only three States (Montana, Nevada, and
Wyoming) and three Territories (Alaska, Arizona, and New Mexico)
are apparently free from the sparrow. Its range extends westward to
the Great Plains and in Colorado to the Rocky Mountains, and also
occupies considerable areasin Utah and central California. (See fig2.)

The true character of the bird is now so well known that it is
unnecessary to dwell on its injuries to fruit and grain, the nuisance
it has become in large cities, and the extent to which it has replaced
native birds. Theill-directed care and energy expended on introduc-
ing and fostering it thirty years ago are largely responsible for the
marvelous rapidity of its distribution. Now, when too late, efforts at
extermination have been begun, and four States (Illinois, Michigan,
Ohio, and Utah) have offered bounties for its destruction, the expend-
itures in Illinois (1891-1895) and Michigan (1887-1895) amounting
to about $117,500.
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Besides the United States, New Zealand and Australia have suffered
considerably from the English sparrow, and in some of the colonies of
Australia it is considered second only to the rabbit as a pest. It seems
to have been introduced on the North Island of New Zealand in 1866,
by the Wanganui Acclimatization Society.! By 1870 it began to be
numerous, and twelve years later threatened to spread over the whole
island, becoming established in the most inaccessible regions, in spite
of its usual partiality for cities and towns. In Victoria the sparrow
was introdueed about 1865, and probably appeared soon after in
Queensland, New South Wales, South Australia, and Tasmania, but
data are lacking as to the date of its first appearance in these colonies.
It has increased so rapidly that, in order to hold it in check, ¢ Sparrow-
destruction ” bills have been passed in several of the colonies during
the last ten years.

Thus far the sparrow has not gained a foothold in Western Australia,
and radical measures have been adopted to prevent its introduction.
Its importation was prohibited by the ¢ Destructive birds and animals
act,” passed in 1893, and when a few birds were discovered in Perth in
January, 1898, prompt measures for their extermination were taken
by the -bureau of agriculture. All that could be found were shot, and
attention was called to the necessity of stampmg out the pest before
it spread beyond control.

The English sparrow has also found its way into many other distant
corners of the earth. It is gaining a foothold in Argentina, and has
been carried to remote islands. In the Indian Ocean it is present on
Mauritius, about 400 miles east of Madagascar, and on the Comoro
Islands, off the southeast coast of Africa and 350 miles northwest of
. Madagascar. It was first reported from Grand Comoro in 1879. In
the PacificOcean it has been introduced on the Chatham Islands, some
500 miles east of New Zealand,? probably on New Caledonia, and on
the Hawaiian 1slands. In the latter group it is reasonable to sup-
pose that it was introduced by way of San Francisco in the early
seventies, since it was reported to be numerous at Honolulu in 1879.
In the Atlantic ()cean it is present on Bermuda, the Bahamas, and
Cuba. It was sent to Bermuda from New York about 1874, and two
years later was given the same protection accorded to other birds,
its destruction being punished by a fine of 5 to 20 shillings. Ten
years after its introduction it had increased so enormously that a
bounty was offered for its destruction, and between 1884 and 1886
about £530 ($2,650) were expended, without causing any appreciable
decrease in its numbers, notwithstanding the short time the bird had
been present and the fact that the islands have an area of less than
20 square miles. It is said to-have been imported into Cuba, and in

! Rept. New Zealand Dept. Agriculture, 1897, Div. Biology, p. 8.
2 Tbis, 1893, p. 543.
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1877 was reported to have been introduced on New Providence, Baha-
mas, *‘ within the last few years.” It has not, however, increased
rapidly on either island, for in 1891 it was reported as still not
abundant, and apparently had not extended its range to any of the

neighboring islands.
THE STARLING.

The starling (Sturnus vulgaris, fig. 3) of Kurope and western Asia

is one of the best known birds of the Old World, and during late
~ years has been increasing in numbers in the British Isles. It is some-
times accused of stealing fruit and destroying nests and eggs of other
birds, but in its native home it seems to be beneficial rather than
otherwise. Comparatively little accurate information concerning its

FiG. 3.-—Starling (Sturnus vulgaris).

food habits is available, except the results of an examination of 175
stomachs recently made in Scotland by Mr. John Gilmour.! Accord-
ing to this examination the food comsists of 75 per cent insects, 20
per cent grain (mainly waste grain), and 5 per cent miscellaneous
substances. Some useful insects were eaten, but the greater proportion
were classed as injurious. The charge of destroying eggs of larks, and
occasionally young nestlings, was not substantiated, as no eggshells
were found in these stomachs. Mr. Gilmour calls attention to the
rapid increase of sta.rlihgs in Fifeshire, thousands now existing where
fifty or sixty years ago they were considered rare,and mentions the
serious damage sometimes done to shrubs and young plantations when
occupied as roosting places, but concludes that on the whole the bird
is beneficial and worthy of protection.

! Trans. Highland and Agr. Soc., Scotland, 1896,
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Several attempts have been made to introduce this species into the
United States, but as yet it has hardly obtained a foothold. Oneof the
first importations was made by the Acclimatization Society of Cincin-
nati, Ohio, in the winter of 1872-73. About 1877 a number of star-
lings were liberated in Central Park, New York, by the American
Acclimatization Society, and several similar experiments have since
been made, but only the last seems to have met with success. About
60 birds were released in 1890. Some of them have bred for several
years, and, leaving the park, have established themselves in favorable
places in the neighborhood. In 1893 and 1894 flocks of as many as 50
individuals were reported to have been seen in the suburbs about the
northern end of the city, and late in 1898 a flock of about 30 took
up residence at Sing Sing. During the last two or three years a few
have been seen on Long Island, about Brooklyn. Thirty-five pairs
were liberated at Portland, Oregon, in 1889 and 1892, where they are
said to have done 'remarkably well, and as recently as June, 1898,
a few were seen about the suburbs. In the autumn of 1897 it
was reported that starlings were to be imported for the city park
at Allegheny, Pa., but as yet only a dozen -or fifteen seem to have
been introduced, and these have been carefully kept in captivity for
breeding, with the intention of ultimately stocking the park.

Much has been said concerning the advantages of introducing the
starling into this country, but in spite of the many arguments brought
forward, the bird’s character is not above suspicion, and its useful-
ness is still open to question. The fact seems to have been overlooked
that in other countries the starling has signally failed to fulfill the
expectations concerning its usefulness. Certainly the experience of
Australia and New Zealand offers little encouragement. It was intro-
duced in' New Zealand in 1867, and as early as 1870 was reported as
“‘becoming very numerous.” It seems to have increased very rapidly,
and in spite of its natural preference for insects, in its new home it has
adopted a fruit diet to such an extent as to become a great pest.! In
South Australia it was reported to be common in certain localities in
1894, and measures for its extermination were considered. In Victo-
ria, on the other hand, steps were taken in 1895 to promote its increase
in fruit and grain growing districts, and this fact was used as an
argument in its favor by persons who were endeavoring to introduce
it into some of the other colonies. Western Australia has taken a
firm stand on the question, and Mr. R. Helms, biologist of the bureau
of agriculture of that colony, who opposed the proposed importation,
gives his reasons as follows:

Had I been asked fifteen or twenty years ago what I had to say, I would prob-
ably have recommended their introduction. But not so now. My experience has

11t is also interesting to note that nearly twenty years ago an eminent English
ornithologist predicted that in foreign countries the starling would undoubtedly
aid in destroying native birds. (Newton in Yarrell’s British Birds, 4th ed., II,
1876-1882.)
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taught me better. The birds were introduced more than fifteen years ago into
New Zealand, and now, like the thrushes, they have become a pest to fruit
growers. They have changed their habit from being principally insectivorous
to having become omnivorous.’

After due deliberation, the Government issued a proclamation on
January 22, 1896, declaring the starling a destructive bird and abso-
lutely prohibiting its importation into Western Australia. Still more
recently it has been condemned in Tasmania, where it is charged
with committing depredations on small fruits, cherries, and wheat.
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F1G. 4.—Mina (Acridatheres tristis).

. Its further distribution has been discouraged, and when the question
of introducing several species of birds was under discussion at an
agricultural conference at Scottsdale on December 6, 1897, the starling
was promptly rejected. ?

THE MINA.
The mina, or mynah (Acridotheres tristis, fig. 4), iscommon through-
out most of India, except Kashmir and Tenasserim. In its habits it

! Producers’ Gazette, Western Australia, V, January, 1898, p.29.
2 Agr. Gazette, Tasmania. V, N_ovember. 1897, p. 66; January, 1898, p. 103.
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is somewhat like our native grackles or crow blackbirds, but seems
to resemble the sparrow in its-familiarity and partiality for human
habitations. It was introduced more than thirty-five years ago into
Mauritius to destroy
grasshoppers, and is
said to have become
perfectly naturalized
there.! It has also
been introduced into
the Andaman Islands
(some time prior to
1873), the Hawaiian
Islands, New Zea-
land, and possibly
Australia.

It is said to have
reached the Hawai-
’ ian Islands by way of

F1G. 5.—Kohlmeise (Parus major). ’ China. Dr. Finsch,

. an eminentornitholo-

gist; who visited Honolulu in 1879, found it very abundant, and de-
scribes its habits as follows :

The mainas are a great nuisance to the inhabitants, as they drive away the
pigeons and fowls, and are said to destroy the nests and eggs of the dowmestic
birds. That they do drive out the
pigeons from their houses, I observed
many times myself. * # % In Mr.
Barning's - garden, where the finest
trees, chiefly palm, abound, hundreds
and thousands come to roost, and
their inharmonious concert lasts from
6 in the evening for an hour or more.
The same is the case at daybreuk, a
little after 5 o’clock.?

THE KOHLMEISE, OR GREAT TITMOUSE.

‘“Kohlmeise” is the German
name of the great titmouse of-
Europe (Parus major), and this
designation is used to some ex-.
tent in the United States. The
kohlmeise (fig. 5) is common over
the whole of Europe as far north
as the Arctic Circle and also in Siberia. It is a handsome species,
about the size of the common eastern chickadee ( Parus atricapillus,
fig. 6), but may be readily distinguished from any American titmouse
by the dull yellow on the sides of the body and the broad black stripe

F1a. 6.—Chickadee ( Parus atricapillus).

1 Jerdon, Birds of India, II, 1863, p. 3%,  *Ibis, 1880, pp. 77, 8,
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extending ‘down the center of its breast (see fig. 5). Like other
species of the genus, it is mainly insectivorous, but in winter is said
to eat nuts and hard seeds. The kohlmeise has recently attracted
attention on account of its alleged value as a destroyer of the codling
moth (Carpocapsa pomonella), particularly in Germany, where it is
reported to protect apple trees in large measure-from the attacks of
this destructive insect. But although several German authors regard
it as a most useful species, there seems to be no satisfactory evidence
that it is partial to the codling moth, or in fact that it ever feeds on
the moth to any great extent. In Great Britain where the kohlmeise
is also a resident and generally distributed, its presence has not been
sufficient to exterminate the codling moth or even to hold this pest in
check. On the other hand, it is said to attack small and weakly birds,
splitting open their skulls with its beak to get at the brains, and doing
more or less damage to fruit, particularly pears. One English observer
reported that all the pears in his garden had to be inclosed in muslin
bags to protect them from the birds, which would otherwise eat a con-
siderable part of the fruit before it was ripe. Another reported that the
great titmouse spoiled most of alimited crop of apples, and then began
on the pears, boring a small hole near the stem, and passing from one
pear to another until every one of forty or fifty trees had been dam-
aged. It also attacked figs, scooping them out before they were ripe.
In the autumn of 1897 an article appeared in a paper in Idaho set-
ting forth the great value of the bird to the fruit grower, and strongly
advoeating its importation into this country. The article attracted
the attention of horticulturists throughout the Northwest, and gave
rise to congiderable discussion concerning the merits of the bird ang
the desirability of its introduction. While the kohlmeise might not
develop its fruit-eating propensities in America, it should not be
introduced until more definite information is available concerning its
"habits and until it has been shown beyond question that it will do no
serious harm. Moreover, since there are already several titmice of
the same genus in the United States, it seems entirely unnecessary
to add another to the list, for it is hardly probable that the European
bird would confine itself to the codling moth or be of more value to
the horticulturist than the native species. It may be added that recent
investigations seem to show that the common eastern chickadee feeds
to some extent on the codling moth, as a few larve, believed to be
those of this insect, have been found in chickadee stomachs col-
lected in New Hampshire during February and March.! It may be
of interest also to recall the fact that the kohlmeise was actually
introduced in 1874 at Cincinnati, Ohio, but the experiment failed, as
neither this nor any of the other exotic species imported at the same
time became naturalized.

1'Weed, Bul. 54, N. H. Coll. Agr. Expt. Station, 1898, pp. 87, 94.
3 A98 8*
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THE SKYLARK, GREEN LINNET, AND BLACK THRUSH.

The skylark (Alauda arvensis), the green linnet ( Ligurinus chloris),
and black thrush, or black bird (Zurdus merula), are all natives of
Europe. They are chiefly of interest in this connection, because in
their native home they are almost universally considered beneficial,
but in New Zealand they have developed traits which render them
far from desirable additions to the fauna of that island. They were
introduced into New Zealand in 1867; in 1870 they had begun to breed
in a wild state in the province of Auckland on the North Island, and
the green linnet was reported as already becoming common.! At the
present time they are common all over the colony and troublesome in
certain districts. The skylark confines its injuries mainly to turnips,
eating the secd soon after it is planted, and thus causing no small
damage to the future crop. The green linnet is similarly injurious to
grain, while the black thrush is accused of taking strawberries, cur-
rants, raspberries, and other small fruits. As a fruit destroyer the
black thrush is said to be worse than the English sparrow, and the pro-
posal tointroduce it into Western Australia elicited a strenuous protest.

The skylark has been introduced several times inte the United
States, especially in the vicinity of New York, and recently all three
birds have been liberated in Oregon, but as yet they have not increased
to any extent. Both the skylark and the black thrush are noted
singers, but the charms of their song hardly compensate for damage
to crops. -

NEED OF LEGISLATION.

The examples already cited show the danger of introducing exotic
species on large islands, particularly on those far distant from con-
tinents, where the fauna is necessarily limited and predatory species
practically absent. In such places introduced species are almost
sure to increase very rapidly. The experience of New Zealand indi-
cates the necessity of exercising unusual care in introducing birds
and mammals into the islands recently acquired by the United States.
Much remains to be learned about the fauna of these new possessions.
Puerto Rico is less known than any of the larger islands of the West
Indies, but it probably has no indigenous mammals except bats.
Abeut 150 species of birds have been recorded from the island,?
of which 20 are not found elsewhere. The fauna of the Hawaiian
Islands is still more limited; indigenous mammals, except one bat
(Lasturus), are entirely wanting, but many of the birds are of great
interest. Although no complete list of them has yet been published,
abeut 100 species are known to occur on the islands. The fauna of

1 The green linnet has found its way to the Kermadec Islands, 600 miles tc the
northeast, and all three spccies are said to be now present on the Chatham
Istands, nearly 500 miles east of the South Island of New Zealand.

?Gundlach, J. F, O., XXVI, 1878, p. 163.
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the Philippines is much richer. The mammals are comparatively
unknown, and until recently were supposed to be poorly represented,
but at present the list includes some 50 species, of which about half
arc bats. The birds have received much more attention, and nearly
600 species have been recorded from the archipelago,! 286 occurring
. on Luzon alone.

All of the islands have probably suffcred more or less from the
introduction of noxious species, especially rats and mice. In Hawaii
rats have done so much damage that the sugar planters have imported
the mongoose to destroy them, and this anlma,l is now becoming a
pest. The mina of India is also present in considerable numbers, and
the house finch (Carpodacus mexicanus frontalis) has been intro-
duced, notwithstanding the fact that it is usually considered a great
pest by fruit growers in California.

During the last fifty years a number of acclimatization soc1etles

have been organized for the purpose of introducing animals and plants
from foreign countries. Private individuals, too, have devoted both
time and money to importing birds or mammals which they consider .
necessary or desirable additions to the native fauna. Four or five
societies exist in New Zealand, and several have been formed in the
United States. During the years 1872-1874 the Acclimatization Soci-
ety of Cinecinnati, Ohio, expended about $9,000 in the purchase and
importation of European birds, and introduced some 4,000, belonging
to about 20 species, at an average cost of about $4.50 a pair. These
included several birds of doubtful value, such as the starling, skylark,
and great titmouse or kohlmeise.? This experiment proved a failure.

In 1888 the Society for the Introduction of European Song Birds was
organized at Portland, Oregon, and imported two lots of birds in 1889
and 1892, at a cost of about $2,000. Among the number were 50 pairs
of skylarks, 35 pairs of black thrushes, 35 pairs of starlings, 15 pairs
of green linnets, and a number of others, representing in all some 20
species. Recently the introduction of the kohlmeise into the North-
west has been seriously considered, and the spasmodic attempts to
acclimatize the skylark and starling have been renewed.

Whatever may be the difference of opinion concerning the desira-
bility of introducing exotic species, it will be generally admitted that
some restriction should be placed on the importation of birds and
mammals which may become injurious. Since it has been found
necessary to restrict immigration and to have laws preventing the
introduction of diseases dangerous to man or domesticated animals,
is it not also important to prevent the introduction of any species

!This number includes the species found on Palawan. Worcester and Bourns
class Palawan with Borneo on zoological grounds, giving for the Philippines proper
526 species; of these, 323 aro confined to the group. (Proc.U. 8. Nat. Museum,
XX, 1898, pp. 564, 575.)

2 Journ. Cincinnati Soc. Nat. Hist., IV, 1881, p. 342.
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_which may cause incalculable harm? Experience with the English
sparrow, the work of rabbits in Australia and of the mongoose in
Jamaica, all these have abundantly shown the necessity of preventing
the repetition of similar costly blunders in the future.

Twelve years ago Dr. C. Hart Merriam, Chief of the Biological
Survey, urged the necessity of Testricting the importation of exotic
species, as follows:!

It seems desirable that a law be enacted conferring upon the Commissioner
[Secretary] of Agriculture the power of granting or withholding permits for the
importa'tion of birds and mammals, except in the case of domesticated species,
certain song and cage birds'(to be specifically enumerated), and species intended
for exhibition in zoological gardens, menageries, and museums, which may be
brought in without special permits. The question of the desirability of importing
species of known beneficial qualities in other lands is one which sooner or later
must force itself upon our notice; and it is highly important that when such
experiments are made they should be conducted by or under the control of the
Department of Agricuiture.

Ten years later Mr. Alexander Craw, quarantine officer of the Cali-
. fornia State board of horticulture, again called attention to the need
of legislation, and in his annual report for 1896 recommended the pas-
sage by Congress of a strmo'ent law preventing the introduction of
noxious animals.

At present there is no Federal statute on the subject, and appar-
ently California is the only State which has given the matter serious
attention or has taken steps to prevent thoughtless or intentional
importation of injurious species. In the act creating the State board
of horticulture, approved March 13, 1883, and amended March 8, 1889,
authority was conferred on the board to make regulations for the pur-
pose of preventing the spread of fruit pests. In accordance with this
act, certain quarantine regulations were adopted on August 15, 1894,
one of which, Rule XII, provides that ‘‘animals known as flying fox,
Australian or English wild rabbit, or other animals or birds detri-
mental to fruit or fruit trees, plants, etc., are prohibited from being
brought or landed in this State, and if brought, they shall be
destroyed.”? This law has resulted in the destruction of several
flying foxes and, so far as known, every mongoose thus far brought to
the port of San Francisco. It is, perhaps, not too much to say that
to this regulation and to the vigilance of the quarantine officer at San
Francisco the State owes its present freedom from the mongoose.

The action of Cape Colony and Western Australia on this question
stands out in marked contrast to the apathy of other countries. Cape
Colony, in 1890, made it unlawful to introduce rabbits, either by land
or sea, or to turn them loose within the colony;? required the rabbits

1 Annual Report Department of Agriculture for 1886, p. 258.

2 Fifth Biennial Report State Board of Horticulture, 1896, p. 8.

3 Under a penalty not exceeding 5 pounds for first offense or 10 pounds for sec-
ond offense. (See Agr. Journ., Cape Town, III, January 8, 1891, p. 119.)
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already in the colony to be confined in hutches or boxes constructed
according to certain prescribed regulations, and authorized anyone to
destroy rabbits found on his premises, on Crown lands, or along pub-
licroads. Western Australia, profiting by the experience of her sister
colonies on the eastern side of the continent, has taken measures to
secure protection from the evils of indiscriminate and ill-advised aceli-
matization by the passage of the so-called ‘‘Destructive birds and
animals act” (57 Vie., No. 22). This law, passed in 1893, prohibits the
introduction of all birds or animals which, in the opinion of the
governor-in-council, are destructive to vineyards, orchards, fruit trees,
or any agricultural produce. The act also prohibits the keeping of
such birds or animals on private premises, authorizes the destruction
of those already in the colony, prohibits the liberation of any destruc-
tive bird or animal, and permits duly authorized officers to enter prem-
ises for the purpose of seizing or destroying such birds or animals.
The term ‘‘destructive” is interpreted to mean any species to which
‘the governor-in-council may from time to time extend the provisions
of the act by proclamation, and the selection of species is based mainly
upon the recommendations of the bureau of agriculture.! The law is
therefore elastic and may be easily modified when necessary. Spar-
rows and rabbits were originally included in 1893, fijing foxes were
added in December, 1895, and starlings, blackbirds, and thrushes in
January, 1896.
SUMMARY.

(1) Acclimatization of plants differs from that of animals since
plantsare introduced for cultivation and thus kept to a certain extent
within control, while animals are liberated and controlled only by
natural enemies or unfavorable conditions.

(2) Animals and birds are distributed from one continent to another,
and to islands, either by accidental means or by the direct agency of
man. Most animals are intentionally introduced into new regions,
cases of accidental dispersion being comparatively rare except among
rats and mice.

(3) Domesticated animals, like plants, may run wild and become
injurious, especially in regions where food is abundant and natural
enemies are absent. Goats and cats on isolated islands are well-
known examples.

(4) The animals and birds which have thus far proved most inju-
rious are the rabbit, mongoose, stoat, weasel, flying fox, English
sparrow, starling, and mina. The skylark, green linnet, black thrush,
and great titmouse, or kohlmeise, are of doubtful value and likely to
prove injurious. These species are all natives of the Old World, and
with the exception of the mongoose, mina, and flying foxes, are inhab-
itants of the temperate regions of Europe and western Asia.

1See Journ. Bureau Agr, Western Australia, II, December 10, 1895, pp. 630-631;
1II, 1896, p. 676.
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(5) Notwithstanding the object lessons afforded by the English
sparrow in our own country, the rabbit in Australia, and the mon-
goosc in Jamaica, no steps have been taken to prevent the repetition
of similar costly mistakes in the future, and at present no restriction
is placed on the indiscriminate importation of exotic species into the
United States.

(6) Recent events have given new importance to this subject. The
gradual increase of the starling and the efforts to introduce the kohl-
meise require prompt measures to prevent species of such doubtful
value from gaining a foothold in this country. The acquisition of
new territory has also brought us face to face with new problems.
Not onlyshould the mongoose be prevented from reaching the United
States from Hawaii and Puerto Rico, but the native fauna of these
islands should be preserved and all our island possessions protected
from ill-advised acclimatization, which has caused so much loss in
Australia and New Zealand. .

(7) The introduction of exotic birds and mammals should be
restricted by law and should be under the control of the United States
Department of Agriculture. "Western Australia has already adopted
this course, and under the ‘‘Destructive birds and animals act” of
1893, prohibits the importation, liberation, or keeping of animals and
birds which the colonial bureau of agriculture considers i lIlJllI‘lOllS to
vineyards, orchards, or crops.



THE PREPARATION AND USE OF TUBERCULIN.

By E. A. pE ScawgiNiTz, Ph. D., M. D.,
Chief of Bioclhemic Division, Bureau of Arimal Industry.

INTRODUCTION.

~ Tuberculin is a solution in glycerin and water of the products of
the growth of the tubercle bacilli upon artificial media and the con-
tents of their eells. Although it has been manufactured in quantity
and used upon a large scale for some years, it may at the present time
be of interest to give a brief sketch of the methods of manufacture of
this material as followed in the Biochemic Division, and to note the
advantages or objections to its use as a diagnostic agent for tuberen-
losis in animals and men.

METHOD OF PREPARING TUBERCULIN.

In the preparation of large quantities of tuberculin in the bie-
chemic laboratory of the Bureau of Animal Industry during past
years, the following method of procedure has been found to give the
most satisfactory results: The fluid upon which the tubercle bacilli are
allowed to grow is an extract made with distilled water from perfectly
fresh meat which has been finely chopped. One pound of meat is
used to a liter of water, to which is added 1 per cent of peptone, one-
fourth of 1 per cent of salt, and 7 per cent of glycerin. The solution
is heated to boiling, filtered, and placed in perfectly sterilized flasks.
The medium is then sterilized for three successive days in a steam
bath. After the cotton plugs of the flasks have become dry, they are
removed, dipped in paraffin, and replaced in the flasks so as to make
tight stoppers. When the culture medium so prepared is found to
be thoroughly sterile, it is inoculated. The thorough sterilization
of the media can be proved by allowing the flask to stand for some
days in a warm place, during which time they should remain perfectly
clear if there is no contamination with ordinary bacteria from the air.

INOCULATING THE MEDIA.

The inoculation of the media in the flasks is accomplished by taking
up on the end of a platinum wire a small mass of tubercle bacilli
obtained originally from an animal that has died of tuberculosis.
The first cultures are made from dead animals, by transferring to a
jelly made of glycerin and agar, or blood serum, or potato, pieces of
the diseased organ, lung or spleen, of a guinea pig that has been
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infected by inoculation with tuberculosis. The germs, after four to
six weeks, are found to have developed very readily, and to form a
thick, spongy layer on the surface of the jelly or potato. It isa very
easy matter to detach a small bit of this spongy growth from the sur-
face of the jelly and transfer it to the flask containing the liquid
media prepared in the manner already indicated.

In order that the tubercle bacilli may grow readily, it is necessary
that they shall have a free supply of oxygen; hence, the mass of
bacteria that are transferred to the flask should be caused to float on
the surface of the liquid. This can be readily accomplished by
detaching a piece of the culture mass from the platinum needle and
floating it upon the surface of the liquid without immersing it (Pl
IX, fig. 1). If the inoculating piece is allowed to become wet with the
culture media, it will sink to the bottom of the flask and the bacteria
will not develop. The inoculated flasks are then placed in the incu-
bator, which is a double-walled copper box. The space between the
copper walls of the incubator is filled with water. The incubator is
kept at a constant temperature of about 98° F. After a week to ten
days the tubercle bacilli will be seen spreading out in all directions
from the particle with which the flask was inoculated, and finally the
surface of the liquid will be covered with a layer of tubercle bacilli
(Pl IX, fig. 2). When this is noted, the flask should be carefully
shaken, so as to cause most of the growth upon the surface to be
immersed in the culture liquid and to sink to the bottom of the flask.
A small particle, however, should be left on the surface to serve as
seed for a new surface growth. This shaking down of the surface
growth can be readily accomplished by rotating the flask two or three
times very gently, and after a little practice it will be found to be an
easy matter to preserve the desired particle upon the surface. IFrom
this particle a new surface growth is developed, which should be
.shaken down as in the first instance, and a third growth allowed to
form. This process will require six weeks to two months or more
from the time that the flasks were first inoculated, and their con-
tents are then in a condition to be further used for the preparation
of tuberculin.

‘When first obtained from the animal body, the tubercle bacillus
grows best upon blood serum, or potato, or a liquid, such as has
been already indicated, that has a faint alkaline reaction to litmus or
is perfectly neutral. After a time, however, when the tubercle germ
has become accustomed to its new food, just as a‘plant must adapt
itself to a new soil, it can be caused to grow upon medium that has
a slight acid reaction. When liquid cultures of the tubercle bacilli
have been once inoculated and are growing well, it is very much
easier to inoculate fresh culture media from liquid cultures rather
than from the jelly cultures, with which it is always necessary to start.
The transference of a particle containing large numbers of the germs
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from the surface of one flask to serve as seed upon the surface of
another flask will give what is commonly called a new generation.
As these transfers are usually made every month or six weeks, it is
possible, in the course of a few years, to obtain a germ which is a
direct descendant of the one originally used, but removed from it
by many generations. This continued transference of the bacteria
from one nutrient flask to another has the effect in many cases of
changing some of the properties of the germ. In the laboratory of the
Biochemic Division it has been found, in connection with the tubercle
germ, that this fact can be utilized to great advantage. There are in
the laboratory now, and have been for a number of years, the descend-
ants of a tubercle germ which originally caused the death of guinea
pigs in from four to five weeks after they had been inoculated. This
germ, which is now perfectly harmless, was originally obtained from
a specimen of tuberculous sputum. The guinea pigs inoculated
with this sputum died in due time from tuberculosis, and the cultures
made from the diseased organs served as a starting point for a large
and prolific family. By.accustoming this germ gradually to liquid
food which had a slight acid reaction, we eventually succeeded in
eliminating its ability to produce tuberculosis when it was inoculated
into animals. The germs, however, did not lose the property of pro-
ducing or secreting their active poisons—those poisons which form
the active principle of tuberculin. Cultures of this sort, which have
been caused to lose their virulence or pathogenic properties, are called
attenuated, and we have used these attenuated cultures to great
advantage since 1893, both in preparing tuberculin and in treating
animals, or injecting animals for the purpose of protecting them
against an inoculation with virulent tuberculosis or producing in
them a serum which may have curative properties. Virulent cultures
are also used in preparing the tuberculin, and there are always a
number of different generations of varying virulence of tubercle
baeilli on hand in the laboratory. '

STERILIZING THE CULTURES.

When the tubercle cultures have grown sufficiently (PL IX, fig. 3), .
which requires from one month to three months, depending upon the
readiness with which the growth begins (and this is always influenced
by the reaction of the media and the condition of the culture from which
the inoculations are made), the flasks with their contents are re-
moved from the incubator and placed immediately in the sterilizing
oven, which is kept at a temperature of about 125° C. The cul-
tures are left in this oven until they begin to boil. In this way the
germs are killed, and the plugs in the mouth of the flasks may be
removed and the material filtered without any danger of infecting the
workers. Of course, in handling tubercle cultures in such large
quantities there is.always some danger of infection for the people who
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are doing the work. When proper care is used this danger is of
practically no importance; but as accidenis may occur (flasks be
broken and their. contents spilled upon tables or floor or in other
places), it is a matter of impossibility to avoid all danger. But the
disecovery that the attenuated germs can be used to advantage for the
preparation of tuberculin materially reduces the possibility of danger
to the workers in handling this material. After heating the flasks in
the sterilizer the cotton plugs are removed and the contents of the
flask heated over a flame to boiling and immediately filtered. The
germs, which are packed close together, remain upon the filter paper
and are washed once or twice with a small amount of -water. The
filtrate, including the washings, is then evaporated, and may Le con-
centrated to any desired volume. As a rule, one-fifth of the quantity
of the original culture is the most convenient point to be reached in
the evaporation. Instead of filtering off the germs and then evapo-
rating the filtrate, the entire contents of the flask may be concentrated
by evaporation and the solution filtered after it has been concentrated.
The results are the same, but the writer’s preference is for the first

method.
DILUTION OF TUBERCULIN.

Instead of sending out concentrated tuberculin, it has been found
advisable to dilute it to such a strength that 2 cubic centimeters will
be a suitable dose for the purpose of diagnosing tuberculosis in cattle.
To aecomplish this'dilution, there is added to the concentrated tuber-
culin glycerin equal to one-fourth the original bulk of the culture liquid.
This is then diluted with one-fourth of 1 per cent carbolic acid, so
that the volume of the tuberculin usually obtained is one-fourth more
than the original quantity of culture media used. - In other words,
1,000 cubic centimeters of culture media, after the germ has been
allowed to grow sufficiently long, diluted with the proper amount of
glycerin and carbolic acid, should give 1,250 cubic centimeters of
tuberculin of such a strength that 2 cubic centimeters would be a
Satisfactory dose for testing an animal of 1,000 pounds in weight.

METHODS OF STANDARDIZING TUBERCULIN.

Several methods of standardization of the tuberculin are adopted.
The amount of the tuberculin required to produce a rise of 4°or 5° in
temperature in tuberculous guinea pigs of 1 pound in weight is noted,
or the quantity of tuberculin found necessary to kill a tuberculous
guinea pig; or, again, a standard upon a chemical basis, depending
upon the amount of acid which is produced by the growth of the
bacilli, is used. All tubercle cultures after they are well grown show
a decided acid reaction. If tho reaction of the media is carefully
noted before inoculation, and again after the growth of the germ, it is
found that the amount of acid reaction is increased proportionately
to the quantity of the growth. By practlice, it is also found that this
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is'approximately constant. If the value of a tuberculin made from a
culture in which the acid reaction has been cmcfully tested is once
noted it serves as a guide for future work.

In practice, it has been found that healthy animals do not give reac-
tions with large doses of tuberculin, and that as a rule tuberculous
animals do not show an appreciably higher reaction with large doses
of tuberculin than with medium doses; hence, while the above methods
of standardization are not so accurate as those which would have to
be used in weighing out a very poisonous alkaloid, expericnce has
shown that they are sufficiently accurate for ordinary work.

If the tuberculin is intended for use upon man, it should, in addi-
tion to the filtration through a fine filter paper, be filtered through
porous porcelain, so as to remove the last possible germ. In the
preparation of tubereulin, however, for use upon animals, especially
when attenuated cultures arc used as the source for the material, this
filtration through porcelain is not necessary.

LOSS IN PREPARING AND COST OF TUBERCULIN.

In handling large amounts of culture media for the preparation of
tuberculin there is always a certain amount of unavoidable loss.
Sometimes in the process of inoculation, even with the utmost care, the
flasks will become contaminated by some foreign germ. Sometimes
the contamination may not take place until the culture is pretty well
grown. Then it is often due to an imperfect plug or unavoidable
handling of the culture. The quantity of cultures lost depends, of
course, upon the care of the individual in handling them, the care in
inoculation, and the locality in which this work is conducted. All
inoculations of tubercle flasks, as well as other culture media, should
be made in an air that is free from dust, and consequently free from
. dangers of contamination. When proper care is used, possibly one-
fourth of 1 per cent of the flasks are lost, but the writer has found that
in the hands of inexperienced individuals 20, 30, and even 50 per ceht
of culture flasks may be contaminated. Frequently, as in the case
of tubercle cultures, this contamination can be very readily detected.
So long as the cultures arc pure the germs will be found floating upon -
the surface of the liquid or at the bottom of the flask, while the rest
of the media will be perfectly clear. The slightest contaminaticn
causes the media to beeome cloudy; and as soon as this is noted the
flasks should be discarded, as tuberculin should bLe prepared only
from perfectly pure cultures. In experienced hands the cost of the
preparation of tuberculin is not great. It should be made and sold,
giving a fair profit for the trouble connected with its manufacture,
at not over 5 cents a dose.
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THE METHOD OF TUSING TUBERCULIN.

The regulations prescribed for many years by the Bureau of Animal
Industry for the use of tuberculin in testing cattle are as follows:

DIRECTIONS FOR USING TUBERCULIN AS PREPARED IN THE BIOCHEMIC LABORA- .
TORY OF THE BUREAU OF ANIMAL INDUSTRY FOR THE DIAGNOSIS OF TUBERCU-
LOSIS IN CATTLE.

The febrile reaction in tuberculous cattle following the subcutaneous injeetion
of tuberculin begins from six to ten hours after the injection, reaches the maxi-
mum nine to fifteen hours after the injection, and returns to normal eighteen to
twenty-six hours after the injection.

In conducting the test the following course is recommended to those who wish
to obtain the most accurate results:

(1) Begin to take the rectal temperature at 6 a. m., and take it every hour
thereafter until midnight.

(%) Make the injection at midnight.

(8) Begin to take the temperature next morning at 6 o'clock, and continue as on
preceding day.

To those who have large herds to examine or who are unable to give the time
required by the above directions, the following shortened course is recommended:

(1) Begin to take the temperature at 8 a. m., and continue every two hours
until 10 p. m. (omitting at 8 p. m. if more convenient).

(2) Make the injection at 10 p. m.

(8) Take the temperature next morning at 6 or 8 o'clock, and every two hours
thereafter until 6 or 8 p. m.

Each adult animal should receive 2 cubic centimeters (about 30 minims) of the
undiluted tuberculin as it is sent from the laboratory. Yearlings and two-year-
olds should receive 1 to 14 cubic centimeters, according to size. Bulls and very
large animals may receive 3 cubic centimeters. The injection is made beneath the
skin of the neck or shoulders.

There is usually no marked local swelling at the seat of injection.

There is, now and then, uneasiness, trembling, and the more frequent passage
of softened dung. There may also be slight acceleration of the pulse and of the
breathing. .

A rise in the temperature on the day following the injection of two or more
degrees F. above the maximum observed on the previous day should be regarded
as an indication of tuberculosis. For any rise less than this a repetition of the
injection after three to six weeks is highly desirable.

In rare cases the temnperature may rise in the absence of any disease, or it may
fail to rise when tuberculosis is present.

It is hardly necessary to suggest that, for the convenience of the one making
the test, the animals should not be turned out, but fed and watered in the stable.
It is desirable to make note of the time of feeding and watering.

Charts for reporting to the Bureau of Animal Industry results of
tests are always forwarded with the material. It is not necessary that
. the temperature should be taken at the exact hourindicated upon these
charts, but the hours selected have been considered the most conven-
ient for the test. If the animal is diseased, from six to eight hours
after the injection of the tubereculin the temperature begins to rise
from the normal, which in cattle varies from 101° to 102° F., and
should continue to rise until it has reached 105° to 107°. - A reaction
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of 2° F. above the normal may be constdered as good evidence that
the animal is infeeted with tuberculosis.

‘When tuberculin is to be used upon dairy cattle, a test of the same
herd should be made at least once every six months. Dairy cows
should be carefully tested by means of tuberculin, and this is required
at present by some of the States. Dairy herds once found free from
disease should not be subjected to the danger of infection by the
introduction of mew animals that have not been previously tested
and found perfectly sound. The health of animals and of men is
very largely dependent upon the use of sanitary precautions and
the enforcement of sanitary regulations, such as can be adopted by
the aid of a definite diagnostic material like tuberculin.

ABSENCE OF DANGER IN THE USE OF TUBERCULIN.

As will readily be seen from the manner of preparation described,
there is not the slightest possible danger of infecting animals or men
with tuberculosis from the use of tuberculin. The cultures are heated
several times to a temperature a great deal above that necessary to
kill the tubercle bacillus, and, in addition, the tuberculin is diluted
with carbolic acid, which is an excellent disinfectant and germicide.
Again, there is no danger of injuring healthy animals even with quite
large doses of tuberculin, as the tuberculin is apparently very readily
eliminated in the feces and urine.

When tuberculin is to be used for diagnosing disease in man, very
much smaller doses are necessary than in the case of animals. From
1 to 3 milligrams are found sufficient in most cases.

The method of injecting tuberculin upon man for diagnosis, as pre-
scribed by Dr. Trudeau, one who has had a great deal of experience
in its use, is as follows:

In applying the tuberculin test, I take the temperature for several days before-
hénd, at 8 a. m., 8 p. m., and 8 p. m. For the first injection, I usually take 1
milligram of Koch’s original tuberculin [5 milligrams Bureau tuberculin], injected
as late as possible at bedtime; then note the temperature every two hours the
next day. If no reaction follows, after an interval of two days I usually inject 8
milligrams [15 milligrams Bureau tuberculin]. In suspected visceral tuberculosis
I usually stop here, butif it is a surgical tuberculosis, where the amount of disease
may be very slight, it is well, perhaps, to try another dose of 5 or 6 milligrams
after another interval. The reaction usually begins from eight to twelve hours,
after the injection.

THE DIAGNOSTIC VALUE OF TUBERCULIN.

One of the objections that has often been brought forward against
the use of tuberculin upon cattle is that it is entirely too delicate;
that by its aid disease is detected in animals which might not have
been dangerous for very many years. It is, however, utterly impos-
sible to tell how soon a very slight case of tuberculosis may develop
into a very dangerous one, and during this time the animal is the best
possible source of infection for other animals. The Tontagiousness
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of tuberculosis both among animals and men is well established, and,
this being known, animals which are found infected with tuberculosis
in the slightest degree should either be slaughtered and the healthy
portion of the animal used as food, if thoroughly cooked, or better
still, such animals may be isolated and quarantined and used for
breeding purposes, and the calves isolated and fed upon sterilized
milk. By adopting a method of this sort, which is both economical
and practical, the objection so often made that tuberculin does not
give an indication of the character of disease is easily dispensed with.
The moment that the disease is found present, that moment the indi-
vidual becomes dangerous to the rest of the cattle in the herd, and
the neccessary precautions should be taken.

In Denmatk and in several places in this country the method of
isolating animals infected with tuberculosis and using them for breed-
ing purposes has been pursued with excellent results, and there is no
reason why the same thing may not be done generally in this country.
In some localities this method could not be carried out satisfactorily,
and then, of course, it becomes necessary to destroy the animals that
are infected with tuberculosis. Occasionally this may be a hardship
for the owner of the animal, unless the city or State is willing to pay
for the animal a price which would, at any rate, partially reimburse
him for his loss. It is quite as legitimate for this to be done as for
the adoption of any other sanitary regulations which are of importance
for the health of the community.

It occasionally happens that animals badly diseased or in an excited
condition from various causes have a high temperature at the time
of injection and will not give a satisfactory reaction to tuberculin.
In these cases, however, the disease is usually so far advanced that
it can be detected very readily upon physical examination. These
exceptions can not be used as objections to the utility of tuberculin,
and do not depreciate its value in the slightest degree. It also occa-
sionally happens that some animals but slightly affected with disease
will not react or animals which upon post-mortem appear perfectly
healthy have shown reaction. The eminent veterinarian Nocard and
others, however, claim that, in all cases in which very careful post-
mortem examinations have been made upon animals which had reacted
to the tuberculin test but did not show marked post-mortem lesions,
they have demonstrated that the germ of the disease was present in
the system and had just begun its development. To prove this the
most careful bacteriological examination and inoculation tests are
necessary. The tuberculin test, it is. true, is not infallible, but the
mistakes that may occur from its use are so few and it is so much
more nearly perfect than any other method that we have at hand that
for practical purposes it may be considered sure. While it may be
many years before tuberculosis can be practically eradicated from
herds, and while it would require many stringent State and national

-regulations to succeed in stamping it out, nevertheless by the use of
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tuberculin and proper methods of disinfection of stables and other

localities which have been infected by diseased animals it will be pos-

gible in a comparatively short time to greatly reduce the number of
cases of this disease. Dr. Pearson’s report to the Pennsylvania board
of health indicates a reduction of 33 per cent in cases of tuberculosis
in that State.

As tuberculosis in animals is reduced so will the disease in man be
proportionately decreased. There is every evidence to prove conclu-
gsively that man may be infected with tuberculosis*by drinking the
milk from tuberculous animals. Recent work, combined with many
experiments that have been conducted in past years, has shown that
the tubercle germ of human origin or the tubercle germ of animal
origin can adapt itself very readily to its surroundings and grow upon
different varieties of media and at different temperatures without its
pathogenic or disease-producing properties being destroyed.

It was claimed for a long time that the human tubercle bacillus was
not pathogenic for birds. Very reeently, however, Nocard has shown
that if a culture of the human bacillus be placed in a collodion sack
and this sack introduced into the peritoneal cavity of a chicken, after
four weeks or more the germ will have assumed the appearance of the
avian bacillus and will have become pathogenic for chickens. Again,
the tubercle germ has been recently isolated from carp. It was dem-
onstrated very conclusively that these carp were infected from the
sputum of a badly tuberculous individual, which sputum was thrown
regularly into the pond occupied by the carp. The germ isolated
from the carp grew at a very much lower temperature than the human
germ, but its origin was undoubtedly human. All this work has
proven very conclusively that the tubercle bacillus found in dfferent
animals may adapt itself very readily to different surroundings, may
be accustomed to grow at lower or higher temperatures, and may
eventually grow under conditions that would have been originally
_ entirely destructive to it. This latter point has been very practically
demonstrated in this laboratory, the experiments showing that the
tubercle bacillus can be gradually accustomed to a nutrient liquid
" containing glycerin, sodium and potassium phosphate, and ammo-
nium phosphate. When obtained directly from the animal the germ
will not grow on this solution, but by cultivating it first upon a
medium which more nearly produces the conditions that the germ

finds in the animal body it can then be transferred to the solution of _

mineral salts and caused to grow rapidly and in great abundance.
If such conditions can be produced artificially outside of the body
there is certainly every reason to believe that the germ can very read-
ily adapt itself to changes in temperature and nutrient conditions
that are found in the bodies of different animals and stlll cause tuber-
culosis.

During the seven years that tuberculin has been prepared in this
laboratory for distribution by the Bureau of Animal Industry to

-
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various State officials and experiment stations, the results have been
very generally satisfactory. Thousands of reports have been received,
from nearly every State in the Union, from Canada and the West
Indies, and from many different sources, and with one or two excep-
tions (exceptions arising very probably from the fact that the users
of the material were not experienced in handling it) all have realized
the importance and usefulness of tuberculin.

There have been one or two cases in which it was claimed that the
tuberculin gave misleading results. One may be noted especially. A
supply of tuberculin had been sent from this laboratory in the spring
of the year to a certain State veterinarian who distributed it to some -
of his assistants. One of these assistants kept the bottles standing in
his office for several months in the hot sun. Ile then used some of
their contents to test an animal, which, according to report, passed the
test, and was sold. Subsequently, with another lot of tuberculin, the
animal showed the tuberculin reaction, which diagnosis was proved
upon post-mortem examination. The doctor to whom this tuberculin
had been sent was requested to forward the bottle from which the
material had been used to this laboratory. He said that he could not
get this, but sent another bottle from the same lot which had not been
opened but kept under the same conditions. This latter bottle was
kept for somesix or eight months, until an opportunity occurred to have
the veterinarian of the District of Columbia use some of it. He was
told that it was old tuberculin, and that nothing was known about its
reliability, but that he could use it upon animals which showed signs
of tuberculosis. This he did, and reported a very characteristic
reaction. The writer feels sure that the failure reported in the first
instance was due to a personal error and not to the tuberculin.

Contrary to the generally accepted statement, the diluted bottled
tuberculin has often been kept in this laboratory for two or three
years or more without its losing its active properties. In order, how-
ever, to avoid all trouble, the usual recommendation is that the tuber-
culin sent out shall not be used more than six weeks after the date
upon the bottle, which indicates the time when it was diluted in the
laboratory. This may be an unnecessary precaution, but one which -
seems advisable when the material is placed with such a large number

of people.
CONCLUSIONS.

In conclusion, it would seem that the preparation of tuberculin
should always be conducted under experienced direction. It should
be distributed through some central authority, so that the results
from its use can be collected and tabulated and serve as a source of
general information. It is an invaluable test, and by its use, as has
been demonstrated by several of the States, especially Vermont, it is
certainly possible to reduce very materially tuberculosis among cattle,
and it may be possible to eventually exterminate it.



THE PRINCIPAL INSECTS AFFECTING THE TOBACCO
' PLANT.

By L. O. HowaARrp, Ph. D.,
Entomologist.

INTRODUCTION.

The tobacco plant, although indigenous to America, does not suffer
8o greatly from the attacks of insects in the United States as do others
of our crop plants. It has no insect enemies peculiar to itself, but.
every season a certain amoqunt of damage is done by insects, and in
some years favorable to insect increase this damage may mean a
.serious loss to the planter.

The most comprehensive work upon tobacco insects which has been
published is in the Italian language, and includes a consideration of
all species which affect this crop, both in the field and in the factory.
But this work treats largely of Eurcopean insects, being a special
report of the entomological agricultural experiment station at Flor-
ence, entitled ‘‘Animals and insects of growing and dried tobacco,”
by Prof. A. Targioni-Tozzetti. In this ¢ountry there have been occa-
sional accounts of specifi¢ insects in the different agricultural reports
and in the bulletins of the State experiment stations. Prof. H. Gar-
man, of the Kentucky experiment station, in particular, has given
. the subject much attention, and has done admirable work in the
important direction of proving the possibility of the practical use of
arsenical mixtures on the tobacco plant. The most comprehensive
article which has yet been prepared in this country is, at the time of
this writing, being printed by the Florida Agricultural Experiment
Station as Bulletin No. 48, with the title ‘‘A preliminary report upon
the insect enemies of tobacco in Florida,” by A. L. Quaintance.

The present paper contains accounts of several tobacco insects not
included in the bulletin by the Florida author, who, as the title indi-
cates, treats only of the species occurring in Florida, but the writer
defers to Professor Quaintance in matters of actual field experience
concerning several of the species, and wishes here to express his
thanks for advance proof sheets of the bulletin in question, which
have enabled him to make this paper more complete than it weuld
otherwise have been.

From the time when the seed is sown in the seed bed to the time
when the tobacco field is plowed under to some late fall crop, the
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tobacco plant is subject to the attacks of several species of insects.
Throughout the tobacco-growing regions of the United States there is
probably no one insect which does more damage to the marketed prod-
uct than the tobacco flea-beetle, or ‘‘flea bug,” as it is commonly
known to growers (Epitrix parvula). The large horn worms or ¢“ horn-
blowers,” also insects of wide distribution, tobacco growers must
always fight. The bud worm, which may be cither the larva of Helio-
this rhexia or of the cotton boll worm or tomato fruit worm or corn-
ear worm, as it is called according as it affects different plants (larva
of Heliothis armiger), attacks and bores into the central leaf roll or
““bud” early in the summer, or later in the season into the seed pods
or into the terminal flower stalk, and even feeds to a certain extent
upon the leaves. Several species of cutworms are liable to oceasion
replanting in soil which has not been properly treated, and one or
two of them rag the leaves late in the season. Certain wireworms
also are liable to affect the young plant shortly after it is set out.
Two or more species of plant bugs occasionally damage the leaves by
inserting their beaks and sucking the juices, causing a drying and
shriveling of the leaf in mnuch the same way as the harlequin cabbage
bug injures the leaves of cabbage. One of these plant bugs, a small
species, insignificant in appearance, has recently proved to be a seri-
ous enemy to tobacco culture in Florida. Another new insect, and
one which may prove to be a very important factor in tobacco cul-
ture, is the so-called tobacco leaf-miner, or ‘‘split worm,” an insect
which although first found in North Carolina only two years ago has
since made its appearance in Florida, South Carolina, and southern
Virginia. These comprise the principal species damaging growing
tobacco at the present time. There is always a chance, however, that
new insect enemies may make their appearance just as two of those
above mentioned have done in very recent times, and it is safe to say
that many of the species which affect solanaceous plants, and especially
the tomato, are liable to transfer their attentions to the tobacco erop
under favorable conditions.

After the tobacco has reached the factory, an insect enemy of impor-
tance, and which is always to be feared, is the cigarette beetle (Lasi-
oderma serricorne), a species which riddles the tobacco leaf, which
bores into or out of manufactured cigarettes and cigars, and which,
when once introduced into a not over cleanly factory, is very difficult
to eradicate. Two or three other little beetles have been found in
dried tobacco, namely, the drug-store beetle (Sitodrepa panicea) and
the rice weevil (Calandra oryza), but they are not as important as
the cigarette beetle.

It.is proposed to give in this paper a short account of these insects
and other species of less importance, with some indication of the
proper remedies under each, and a concluding paragraph on remedial
work as a whole.
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THE TOBACCO FLEA-BEETLE. .

(Epitrixz parvula Fabr.)

This active little insect (fig. 7) may be found in almost any tobacco
field from Arkansas to Florida and north to Connecticut. It is a
minute, oval, reddish-brown species, which occurs upon many sola-
naceous plants, feeding upon tomato, potato, horse nettle, and jimson
weed (Datura stramonium). The beetles make their appearance in
July, attacking first the lower and then the upper leaves. After they
have fed for awhile the leaf becomes full of small, dry spots and then
of holes about the size of a pin pomt which later may become con-
siderably enlarged (fig. 3). When
the crop is.cured it is poor and
thin, and frequently full of small
holes. While the main damage is
done in the beetle condition, the
insectfeeds also, in its early stages,
upon the tobacco. Its eggs being
laid at the roots, hatch into minute,
whitish larvee, which feed upon
the roots, and, in the course of

Mr. Chittenden, reach full growth,
transform to pups, and again to
adult beetles. The damage done .
to the rootsin this way must affect FiG. 7.—Epitriz Panrula. : a, adult beetle; b,
the health of the plant t0 a Certain (e 1o of sae. o head Zj;:’:;:i &
extent, but it is not appreciablein  view; 7, pupa—a,b, f enlarged about fifteen
comparison with the damage which ::,‘;;sen)c d, ¢ more enlarged (after Chit-
the adult beetles do to the leaves.
The insect, in its early stages, is not confined to tobacco, but feeds
also upon the nightshade and the jimson weed, as also ascertained by
Mr. Chittenden.

It is not alone in the actual damage to the leaves done by the jaws
of the beetle that this insect is injurious to the foliage of tobacco, but
through the further fact that these little holes, even when the punec-
ture is not through the entire thickness of the leaf, become the
entrance points of fungous spores or bacteria, which start a disease of
the leaf which frequently damages it much more than the insects
themselves. In moist weather this disease, started by the flea-beetles,
may do considerable damage when the flea-beetles themselves are
comparatively scarce.

By some writers the round white spots in the leaves, which are

"illustrated in fig. 9, have been considered to result from the initial
work of the tobacco flea-beetle; but, as reported by several workers
upon fungous diseases, these spots have been shown to be invaded by
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a species of fungus belonging to the genus Cercospora, members of
which actually cause leaf diseases upon other plants, and which are
certainly capable of damaging lcaves in this way without the prelim-
inary insect work. The commonest form of this damage seems to he
caused by Cercospora nicotine, and is known as “‘frog eye” or ‘‘ white
speck.” Another similar disease known
by the same names occurs in Florida, and
another in Europe, where it is known as
““smallpox.” The ‘‘white speck” of the
North Carolina planters is said by Ellis
and Everhart to be caused by a fungus
known as Macrosporium tabacinum. Al-
though not proved, it is quite possible
that the tobacco flea-beetle is more or less
responsible for, if not the occurrence, at
least the spread of these diseases. There
is a fad for cigar wrappers spotted in this
way. A patent on an artificial method
of imitating these disease spots has lately
been issued.

The writer has visited tobacco fields in
Virginia in which almost every plant was
more or less affected by the tobacco flea-
beetle. The upper leaves were spotted
by their work, particularly near the
edges,and the lower leaves were riddled
with holes and almost covered with the
white fungous spots.

REMEDIES.

Reference will be made later in this
paper to the advantage of clean cultiva-
tion in the tobacco fields. The destruc-
tion of weeds, particularly solanaceous
weeds, along the margins of the field, will
be of positive benefitin reducing the num-
bers of this insect, as well as other tobacco
insects, unless (and this suggestion we
make asone of much possible value)itshall
be found feasible to grow a few clumps
of nightshade or jimson weed as trap crops for the beetles, the plants
to be thoroughly poisoned in the early summer before the tobacco has
been set out. The tobacco crop is one of a few which are peculiarly
adapted to this kind of remedial treatment. In the ordinary course
of tobacco culture the weeds are allowed to grow freely about the
margins of the fields. Before the tobacco plants are set out, those

F1a. 8.—Tobacco leaves damaged Ly
Epitrixz parvula (original).
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weeds which are secondary food plants of tobacco insects, such as
Solanum nigrum, Solanum carolinense, and Datura stramonium, act
simply as concentrators and multipliers of the tobacco insects, so that
the insects are already in force about the margins of the fields, ready
to transfer their attentions to the young and succulent tobacco plants
after they have been planted. From this it is plain that, if the mar-
gins of the fields are kept free from such plants, the insects will not
~have as good a start, and will not be present in such great numbers.
It also follows that, if a few attractive weeds are left in clumps, the
flea-beetles and other tobacco insects of the immediate vicinity will
concentrate upon these few weeds, where they can readily be killed,
either by the application of an arsenical poison, if they are gnawing
insects, or of a kerosene emulsion, if they are sucking insects.
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F1G. 9.—Leaf spots of old tobacco leaf—slightly reduced (original).'

Where preliminary work of this nature has been neglected, and it
becomes necessary to treat the tobacco flea-beetle in the tobacco field,
we are prepared to heartily recommend the use of arsenical poisons.

-Small as the insect is, and much as its initial work looks like the
puncture of a beak rather th4n the nibbling of a pair of jaws, it is a
true biting or gnawing insect; therefore, if the leaves be treated, even
with a minute quantity of an arsenical poison, the insect will be
reached by it-in the act of eating the leaf, and will be destroyed.
‘This is not as satisfactory a means of killing the insect as the pre-
ventive mentioned above, for the reason that, in order to get its dose
of the poison, the insect must damage the leaf to a certain extent,
and as there is a constant succession of new beetles, the leaves will
become damaged more or less, even though the insects be destroyed;
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still, it prevents any great damage, and insects thus poisoned are out
of the way for good, both as regards future damage by the individual
and by its otherwise possible offspring.

When the idea of poisoning the tobacco leaf was first suggested it
met with considerable opposition. It was feared that the persistence
of the poison might render the tobacco dangerous to the human con-
sumer. This fear still exists in many quarters; in fact, the average
smoker, and, still more, the average chewer, would hardly fancy the

FiG. 10.—Northern tobacco worm, or * horn worm (Protopar ceceleus): a, adult moth; b, full-
° grown larva; ¢, pupa—natural size (original).

idea that his tobacco had, at any time, been treated with arsenic.
The same feeling, however, existed when Paris green was first used
on the potato crop for the Colorado potato beetle. It was expressed
when fruit growers began to spray apple trees for the codling moth,
and it still remains in regard to the use of arsenicals upon cabbages,
in spite of the fact that most cabbage growers are using them, and
that it has been repeatedly shown that the quantity of poison which
is effective is so infinitesimally small that not the least possible harm
can result to the consumer. The same holds with regard to tobacco.
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Careful experimentation by Professor Garman in Kentucky and the
experience of practical tobacco growers in Kentucky and South Caro-
lina have shown that, properly used, no possible harm can result from
the application of an arsenical poison. Summarizing from the prac-
tical experience on record, it is the opinion of the writer that Paris
green, in the proportion of 1 pound to 125 gallons of water, is the
proper mixture to apply to tobacco plants. Used at this strength, it
-will not kill all of the flea-beetles, but it will greatly reduce their
numbers. It will also be efficacious at this strength against the
young caterpillars of the horn worm, or hornblower, and against sun-

Fig 11.—Southern tobacéo worm (Protoparce carolina): a, wdult moth; b, full-grown larva;
. ¢, pupa—natural size (original).

dry other tobacco insects, as will later be shown. In the dry state, it
may be mixed with twenty parts of spoiled flour or any fine dust,
such as road dust, and dusted on the plants from one of the machines
known as powder guns, or from a coarse cloth bag or sack.

After the available portions of the plants are cut in the fall, and
the planter is ready to plow his fields to small grain or some other
© crop, there will be a positive advantage in treating the portions of
the plants left in the field with a considerably stronger arsenical mix-
ture. - This, in the warm days of autumn, will kill the insects remain-
ing in the fields, many of which would otherwise have successfully
hibernated and put in an appearance ready for destructive work the
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following season. The writer was particularly struck with this point
the first week in November in southern Virginia The tobacco crop
had been entirely harvested, but no killing frosts had oceurred. The
days were warm and sunny and the nights cold. On the remaining
portions of the tobacco plants in the fields were many flea-beetles,
bud worms, and cutworms, which, a week or so later, would have
entered hibernating quarters. Justat this time, with a slight.expend-
iture of energy, the useless remnants of the tobacco plants could have
been poisoned, and practically all of these insects destroyed, much to
the advantage of next year’s crop.

THE TOBACCO HORN WORMS, OR HORNBLOWERS.
(Protoparce carolina Linn. and Protoparce celeus Hiibn.) .

There are two species of large sphinx moths whose larva, or cater-
pillars, eat the leaves of tobacco, tomato, and allied plants, includ-
ing, occasionally, the Irish potato. These caterpillars, from the fact
that each bears upon one
of the posterior segments
of its body a rather stout,
curved horn, have become .
F16. 12.—Southern tobacco worm dead and shriveled from p opula,rly kflown as hOl‘n

bacterial disease—natural size (original). worms. This term ‘‘ horn

worm ” has, in some incom-

plehensmle way, been corrupted into ‘“hornblower” in Maryland a.nd
Vntnma, where it is applied to the adult moth.

Tobacco growers do-not distinguish between the two different kinds
- of horn worms, and for practical purposes it is not in the least neces-
sary that they should distinguish them. As a matter of general inter-
est, however, it may be stated that the horn on the end of the body
of -carolina is red, while that of celeus is black. Both are green in
color, with oblique white stripes on the sides of the body. These
white stripes extend farther up on the back with the caterpillar of
carolina than they do with the caterpillar of celeus. The curious
brown pupa into which the caterpillar transforms, which is found
under the surface of the ground, and which is at once recognized by
the handle-shaped process which issues from the top of the head, is
distinguished in the two species by the fact that the handle-shaped
process, which is really the tongue case, is much longer with the pupa
- of celeus than it is with the pupa of carolina.! From these pupz, or
chrysalids, issue. the adult moths. The moths of the two species may
be distinguished from the fact that carolina is darker, and the orange
spots along the sides of the body are more vivid, while the center of
the hind wings of celeus bears two distinet, zigzag lines, which in
carolina become blurred, darkened, and indistinct. All of these
pomts are plainly brought out in flgs 10 and 11.

1The figures of both Harris and Glover are misleading on this point.
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Both of these insects occur more or less abundantly in the tobacco
fields over the entire tobacco-growing regions of the United States.
In certain localities one species will be much more abundant than the
other, and in other localities. the numbers will be more evenly divided.
In general, it may be said that celeus is the more northern species, and
is found more abundantly in the more northern tobacco fields, while
farther south carolina is apt to be much the more common. In the
tobacco-growing regions of Connecticut, for example, according to
Professor Fernald, celeus is the more common tobacco worm, while in
Florida the reverse condition holds. Both species occur from Canada
to Florida, and as the region of tobacco culture fails in the North,
both species feed upon tomato. Carolina extends its range into the
West Indies and South America, but celeus is not found south of
" Florida. :

The life histories of both species are practically identical. Vary-
ing in date, according to the climate, the moths make their appear-
ance, working their way out of the underground pups, or chrysalids,
from May 1 well on into June, pair, and lay their eggs singly on the
undersides of the leaves. The young caterpillars hatch from these
eggs, which, by the way, are laid in the dusk of the evening, in from
four to eight days, according to Professor Alwood’s observation of
carolina. In the course of their growth they cast their skin four
times, and in less than a month become full grown, burrow into the
soil, and transform to pupe. '

The number of generations in a year varies in different localities.
In the greater part of the tobacco-growing region planters have recog-
nized that there are two ‘‘ crops” of the worms. This holds in por-
tions of Maryland. At Blacksburg, Va., Professor Alwood has found
that one ‘“crop”.is normal, and that there are occasional indications
of a second ‘‘crop,” or generation. In Florida, where the moths make
their appearance early in May, according to Professor Quaintance, the
first generation of caterpillars is not particularly destructive, but the
second generation, which appears during July, causes the most dam-
age. A third generation is normal, and probably a fourth, although
_ in July caterpillars of various sizes may be found in the fields at one
time. The retardation of development in some individuals, and ac-
oeleration in others, bring about an intermingling of generations, which
is'always marked in insects in the South where the number of genera-
tions exceeds three. In Cuba, where the carolina horn worm is said
to be a severe pest to the tobacco industry, there is probably. an even
larger number of generations.

Actual damage done by horn worms varies greatly in dllfel ent
seasons. Frequently, for a number of years, they will not be too
abundant to be kept down readily by hand picking, and then will
come a season in which they are so numerous that it is very difficult
to Bave the crop without incurring a prohibitive expense. Again,

1 A98—9 .
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comparative immunity during one summer will be followed by con-
siderable damage the next. Professor Garman, in Bulletin No. 66 of
the Kentucky Agricultural Experiment Station, states that the sum-
mer of 1896 was one of extraordinary abundance. The horn worms
‘‘were present on both tobacco and tomato in myriads,and proved so
destructive that some fields of tobacco were abandoned and in the
fall presented only a wilderness of stems and midribs of leaves. In
such fields as many as five worms, representing both species, were
frequently observed on a single plant. Their advent was so sudden
that before the seriousness of the outbreak was realized tobacco that
had been the pride of the owner and showed scarcely a mutilated leaf
was severely injured. It was near cutting time when they became
most abundant; and some growers preferred to cut their tobacco as
the best means of saving it. On suckers in fields and on abandoned
tobacco the worms remained until frosts killed the plants. Large
numbers of both species were collected in October from such tobacco,
and they were observed in fields until October 12.”

Both kinds of horn worms are extremely subject to disease and to
the attacks of natural enemies. Caterpillars which are observed to
turndark in color are attacked by a bacterial disease, which invariably
results in their death (fig. 12). Certain parasitic insects attack others,
and all tobacco growers are familiar with the appearance of a horn
worm partly or entirely covered withlittle, white, oval cocoons. Such
specimens should not be erushed, since the cocoons are made by one
of the most important of the parasites of these larve, which, if allowed
to emerge undisturbed, will increase the mortality among the cater-
pillars. Others may occasionally be noticed bearing very minute, oval,
white eggs sticking closely tothe skin. These are the eggs of a Tachina
fly, and the maggots which hatch from these eggs bore into the cater-
pillar and eventually destroy it.

REMEDIES.

It will be unnecessary to repeat what has been said under the head
of ““The tobacco flea-beetle” concerning the use of arsenical poisons.
When the first generation of horn worms appears (and each tobacco
grower must determine the approximate date from observation in his
own fields), an application of Paris green, either dry or in the liquid
form, as elsewhere described, is by far the best remedy when the
insects are numerous. In ordinary seasons and in certain localities
the tobacco crop will not suffer so severely that it can not be protected
by the ordinary process of hand picking, or ¢ worming,” as it is called.
Most conservative tobacco planters send their hands through the
fields to pick off the caterpillars and erush them, and rely upon no
other remedial work.

The adult moth possesses a long beak, through which it sucks the
nectar of flowers, being attracted especially to the sweetest flowers
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and those possessing a long, tubular corolla, like the honeysuckle and
the morning-glory and the flower of the Jamestown, or ¢‘jimson ”’ weed.
Many years, ago it occurred to an observing planter that the jimson-
weed flowers might be poisoned to advantage, and from this sugges-
tion has grown up the custom in certain parts of the country of squirt-
ing into the flowers of the jimson weeds growing in the immediate
vicinity of the tobacco fields a certain amount of sweetened water
poisoned with cobalt or ¢ fly stone.” A modification of this process,
described by Professor Quaintance, is as follows: ‘‘In the evening a
quantity of the bloom of the jimson weed is procured and is placed
promiscuously through the field under holes in horizontal slats,
supported by sticks or otherwise, and into the flowers is placed, by
means of a quill, a small quantity of this poisoned mixture. This poi-
soh should be of about the following proportions: Cobalt, one ounce;
molasses or honey, one-fourth pint; water, one pint.” This practice
is so well-understood among tobacco growers that it is hardly worth
detailed mention, except to state that experiments at the Louisiana
experiment station and elsewhere have proved that it is effective as a
palliative. At the experiment station just mentioned jimson weed
" was grown for this purpose, and the writer remembers a doleful com-
plaint by the director of this station some years ago to the effect that
his farming visitors interfered with the experiment, since their horror
of weeds was so great that, in passing through his grounds, they pulled
up the_jimson weeds and spoiled his experiment.

Many years ago Townend. Glover, the first entomologist of the
Department, in mentioning this method of catching the moths of the
horn worm, suggested the manufacture of artificial porcelain or tin
jimson flowers, which would be perennial in the highest degree and
could be poisoned year after year. The writer is not informed,
however, as to whether this suggestion has ever been followed.

A sweetened preparation, poisoned with arsenic, however, has been
tried in Maryland by Prof. W. G. Johnson during the past year. The
material was placed in wooden pails, perforated near the bottom and
get in granite pans, into which the poisonous liquid was leached.
These traps or decoys were set upon stakes about the field a little
higher than the tops of the tobacco. Although the experiment
appeared to be successful, Professor Johnson reserves his final con-
clusions until he has had an opportunity to make further tests another
year.

Most tobacco growers have learned by experience the necessity of
carefully removing the worms from the leaves after or during cutting
and before they are carried into the barn, since otherwise they will
continue to feed in the barn on the drying leaves. Where such care
has not been exercised, the evaporation of bisulphide of carbon in the
barn, in accordance with the directions and with the precautions which
will be described under the head of remedies for the cigarette beetle,
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will kill the worms before they can do further damage, and the quality

of the tobacco, as we have proved by experiment, will not be injured

in the least, the reverse being the case when the smoke fgom a damp

" wood fire is used, as it is some-
times for this purpose.

'E :
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THE BUD WORMS.

(Heliothis rhexia S. & A.and Helio-
this armiger Hiibn.)
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Just as there are two distinet
though very similar insects
known as horn worms, so there
are also two distinct and rather
Ffia. 18—The true bud worm (Heliothis rhezia): o, Similar insects known as bud

st ot b Lalbgrovn larve feom, ide & worms, which ocour frequently
e, pupa—natural size (original). together in the same field and
work in a somewhat similar

manner. We shall take the liberty of distinguishing between them
by calling one the true bud worm and the other the false bud worm.

The true bud worm (Helio- '
this rhexia) occurs in the more
southern portions of the to-
bacco-growing regions,but has
not been noted in tobacco
fields north of Maryland. The
adult insect is a small, green-
ish moth, well illustrated in
fig. 13. The larva or cater-
pillar of this moth, also char-
acteristically shown in fig. 13,
is nearly always found in the
bud of the tobacco plant about
the time the plant is ready
to top. In some seasons they
occur in large numbers and
damage the tobacco consider-
ably. In the early part of the
season,as a general thing, but .
few of them are found, and
in ordinary seasons 1"héy areé pig. 14.—False bud worm or cotton boll worm
not especially noticed during  (Heliothis armiger): a, adult moth; b, dark full-
the early *“worming” of the f::np::::mzl :;f;‘z)ﬁgﬁ)‘mn'g"’“ larva;
tobacco. In August they be-
gin to be more abundant, and generally leave the plant about the end
of the month, entering the ground, transforming to pupz and issuing
as moths toward the end of September. These dates are Virginia

&4

P

s o i Gl A2 Fn W) ¢

o4




PRINCIPAL INSECTS AFFECTING THE TOBACCO PLANT. 133

dates, but hold reasonably well as far south as Mississippi. As just
stated, the greatest damage done by this insect is by the August
brood, when it enters the rolled-up leaves or
bud of the plant. In September and October
the next generation of caterpillars is found

boring into the seed pod and occasionally
" info the flower stem. We have received the
insect at various dates from July 10 to the
end of August from Virginia, Georgia, Ala-
bama, and Mississippi. The worst account
of damage which has come to us was re-
ceived in July,
1888, from Mr.
J. S. Barnwell,
of Darien, Ga.,
who said that in
general this bud
worm damaged

his tobacco more

F1G. 15.—Work of full-grown
than the horn false bud worm in flower
worm. When stem—reduced (original.)

young it occur-
red abundantly in the buds and ate so
many holes through the young leaves as
to render them unfit for wrappers.

The caterpillars of the last fall genera-
tion enter the ground and hiber-
nate as pupa. The insect has
several other food plants aside
from cotton, but its most abun-
dant food in the South is the weed
known as ground cherry ( Physalis
viscosa). It has been found on -
several solanaceous weeds, as well
as upon cultivated geranium.

Thespecies which we have called
the false bud worm (fig. 14) is the
same caterpillar which, when oc-
curring upon cotton, is called the
¢‘ cotton boll worm ;” upon tomato,
the ‘“tomato fruit worm,” and
upon corn, the ‘corn-ear worm.”
It isthe larva of Heliothis armager,

a cosmopolitan species of varied
food habits, and which, as its dif-
ferent popular names denote, has a destructive propensity for bormg
into anything like a pod. Fortunately, tobacco is not a preferred

F1G. 16.—Work of young false bud
worm—reduced (original).

F16. 17.—Work of false bud worm in seed pods—
reduced (original).
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food plant. The insect lives on corn until the ears are too hard for
easy attack, and then transfers its attention to other plants. From
this it results that it is usually only late in the season that the larvee
are found upon tobacco. Here it works much as does the true bud
worm, boring into the seed pods and into the flower stalks, as indi-
cated in figs. 15, 16, and 17, and also, more rarely, feeding upon the
leaves. These remarks hold for Virginia. In Florida, however,
according to Mr. Quaintance, the principal damage is done by these
caterpillars during the early part of the year, when they do not have
corn or cotton to feed upon. The eggs are deposited in the bud, and
the larve do very serious harm by feeding on the young and as yet
unfolded leaves. A large worm may quite devour a bud. In color
and markings the false bud worm is one of the most variable of cater-
pillars. On tobacco the writer has found specimens of a uniform,
light green color, without spot or stripe, and others the general effect
of which was nearly black. Between these two extremes many vari-
ations occur. This insect, like the true bud worm, passes the winter
in the pupa condition under the surface of the ground.

REMEDIES.

The arsenical spray recommended for the flea-beetle and for the
horn worms will also be efficacious, to a certain degree, against the
bud worms, but in Florida Mr. Quaintance has found it desirable to
make a specific treatment for these insects, which, when they are very
numerous, may be advisable, although it necessitates considerable
trouble. He recommends sprinkling poisoned corn meal in the bud.
He adds a half teaspoonful of Paris green to a quart of finely-ground
corn meal, which is thoroughly mixed by stirring. He then makes a
sprinkler of a baking-powder can, in the bottom of which numerous
holes have been punched, so that when it is shaken the poisoned corn
meal may be peppered over the bud. He advises that the poison
should be frequently applied, and after heavy rains.

With these, as with other tobacco insects, there is much to be
gained by clean culture, in keeping down the weeds on which the
insects feed, and also by careful attention to corn and tomatoes which
may be growing in the vicinity.. Late fall plowing is efficacious against
both-species by breaking up the little earthen cells in which the pupee
are found under the ground, thus exposing them to the action of
frosts.

THE NEW TOBACCO BUG, OR ‘‘SUCK-FLY.”
(Dicyphus minimus Uhler.)

This insect is not only new as a tobacco enemy but is new to science,
and was named and described by Professor Uhler in November, 1898.
The specimens from which the description is drawn were received at
the office of the Entomologist from Florida, but Professor Uhler had
previously received specimens from Louisiana, Texas, Mississippi, and
Alabama, with an account from the latter State that it feeds upon
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tomatoes. It was first brought to the writer’s attention in July, 1898,
by Mr. T. A. Carroll, of Gainesville, Fla. Specimens which were
received at that time were fed here upon tobacco through the remainder
of the season. The eggs have not been found, but two generations
developed between July and the killing frosts, on which date the bugs
disappeared, hiding away in the full-grown condition for hibernation.
The different stages of growth observed are shown in fig. 18. The
species has been studied to' better advantage in the field by Mr.
Quaintance in Florida, who considers it a serious enemy of the crop,

F1G. 18.—The * suck-fly » (Dicyphus minimus): a, newly hatched; b, second stage; ¢, nymph; d,
adult; e, head and beak from side—enlarged (original).

“and states that it has been known to growersin Columbia County for

the past ten years. The first crop is generally not damaged to any
serious extent, but the second crop and late tobacco are frequently
quite destroyed. Mr. Quaintance also states that the insects make
their appearance in injurious numbers during the first and second
weeks in June, and that the full-grown bugs are first noticed in some
restricted portion of the field, as on the plants in one cormer, from
which they gradually move over the field. They have been observed
on neglected tobacco as late as November 22.
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The insects damage the leaf by sucking the cell sap through their
beaks. The infested leaf soon becomes yellowish in color and some-
what wilted, and the older leaves eventually split in places, so that
they become very ragged. The immature specimens of the bug live
on the underside of the leaves, but the adults live both above and
below. The full-grown specimens are partial to shade, and may be
observed feeding close to the margin of a shade thrown by an over-
hanging leaf. Experienced tobacco growers say that leaves which
hsave been badly infested with the ¢‘ suck-fly” are very difficult, if not
impossible, to properly cure. Mr. Quaintance says that the eggs are
deposited singly in the tissues of the leaf, and mainly in the smaller
veinlets. He finds that the egg state lasts about four days, and that
in Florida the entire life cycle of a given generation is only about
fifteen days. He was unable to keep the adultinsectalive in a breed-
ing cage for more than six days, but we have kept them in Washing-
ton City for at least a month.

REMEDIES.

This, again, is an insect against which clean culture will be reason-
-ably effective.. A thorough cleaning up of the fields and burning of
the trash in the autumn are measures which should be adopted when
the insect is abundant. Actual test experiments with different insec-
ticides were made by Mr. Quaintance, who found that a concentrated
solution of nicotine, diluted with sixty parts of water, will kill a large
proportion of the full-grown insects and many of the young. He
advises that this spray be applied early in the morning, as at that
time the inzects are less active. Early set trap plants will probably
be an advantage in concentrating the hibernating insects, so that
they can be readily killed.

OTHER SUCKING BUGS.

Several true bugs, which damage the leaves by inserting their beaks
and sucking the juices, causing a shriveling or drying of the leaf in
the same way as the harlequin cabbage bug injures the leaves of the
cabbage, are found in the tobacco fields. Several of these plant bugs
are known indifferently to tobacco planters as ‘‘ stink bugs,” on account
of the disagreeable odor which they give out. We have never known
any of them to be a very serious factor in tobacco growing.

One of the commonest of these bugs in the more northern portions
of the cotton belt is Pecilocystus diffusus Uhler. This insect is found
in all seasons of the year, and when very abundant the remedies rec-
ommended against the ¢‘suck-fly” may be used. The writer has found
it very abundant and in all stages of growth in Virginia tobacco fields
as late as November.

Another species is a green bug shown at fig. 19, and which is known
scientifically as Huschistus variolarius. This is a species which was
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found by Professor Garman wilting plants in an experimental plat of
tobacco at the Kentucky Agricultural Experiment Station in the sum-
mer of 1896, and which is :
suspected to have done more
or less damage over quite a
wide extent of country that
season.

An interesting little bug
of the family Scutelleridz,
viz, Corimelena extensa
Uhl., has been found dam-
aging mnative tobacco at

Cedar Ranch, Ariz., by ) 9
F1G. 19.—Euschisius variolarius: nymph at left; adalt
Prof. C. H. T. Townsend. at right—enlarged (original).

"It is reported to be the only

member of its family which lives upon tobacco, and ‘as Professor
Townsend found it to be very abundant, it is probably an important
future enemy to the tobacco crop, especially if tobacco culture increases
in the Southwest.

THE TOBACCO LEAF-MINER OR ‘‘SPLIT WORM.”
(Gelechia solanella Boisd.)

This insect, which is also comparatively new in this country as a
tobacco insect, was first brought to the writer’s attention as an enemy
to this plant early in 1896 by Prof. Gerald McCarthy, formerly of the
North Carolina experiment station. The adult insect is a minute,
grayish moth, shown in fig. 20. Its eggs are laid upon the leaves,
and the minute caterpillar
bores between the surfaces
of the leaf, making a flat
mine, often of consider-
able size, with a gray dis-
coloration visible from
both sides of the leaf.
Frequently there is a dis-
tortion when the mine oc-
curs near a large vein, as
shown in fig. 21. There

F1a. 20.—Tobacco split worm: adult moth above; larva’ are two or more genera-
below at right; pupa below at left, with side view of tions in the course of the
enlarged anal segment—all enlarged (original). summer, and the insect is

more noticeable in the autumn than at an earlier date. Down to the
present year the insect was known to occur as a tobacco insect in this
countryin North Carolina only, the exact locality not having been given
to us by Professor McCarthy, nor did he mention it in the little account
‘of the insect which was published in Bulletin No. 141, of the North
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Carolina Agricultural Experiment Station. During the present year,
however, Mr. Quaintance has found the insect damaging tobacco in
many localities in Florida, and the writer discovered it mining tobacco
leaves in Pittsylvania County, Va. Specimens have also been re-
ceived from Mr. J. J. Wolfe, of Sandy Run, Lexington County, S. C.,
who states that he was troubled the past season by this insect, which
made its appearance early and increased its damage as the season
advanced. The writer of this paper is indebted
to Mr. Wolfe for the characteristic name of
““split worm,” by which he states the insect is
commonly known in his vicinity. He also states
that during the past year it did more damage in
his neighborhood than all other insectscombined.

When Professor McCarthy first sent this insect
to the Entomologist for identification, there was
found to be some difficulty in ascertaining just
what it was. On consulting a specialist in the
group of insects to which this one belongs, it was
decided to be Gelechia piscipellis of Zeller, an
insect which has been reared in this country from
the common horse nettle or ball nettle (Solanum
carolinense), and under this name it was treated
in the North Carolina bulletin by Mr. McCarthy,
and in the Florida bulletin by Mr. Quaintance.
A more careful study was given to the insect,
however, during the preparation of this paper,
and a great similarity was noticed between it and
an inseet which has been known as the potato
tuber moth, an article on which was published in
Insect Life (Vol. IV, p. 239 to 242), and .which,
after being recorded as damaging the tubers of
the Irish potato in Algeria, Australia, and New
Zealand, made its appearance in portions of Cali-
fornia, also working in potato tubers; in fact,
the only difference noted in the series reared
from potato tubers from California and from
tobacco leaves in North Carolina was a general
difference in size. On comparison of the larvae
and pupz from the two food plants these also
were found to be identical.

To settle the matter beyond all question, a series of the moths from
potato and tobacco were sent to Lord Walsingham, the English author-
ity on the insects of this group, who confirmed our surmise as to their
identity; and the tobacco leaf-miner must now be known as Qelechia
solanelle Boisduval. It transpires also that the same insect has
been observed injuring tobacco in New South Wales ‘‘ by burrowing

F1a. 21.—Work of split
worm—reduced(original).



PRINCIPAL INSECTS AFFECTING THE TOBACCO PLANT. 139

within the stems and larger branches;” ! that it also occurs in tobacco
in Algeria, and that it has also been described under the different
name (Gelechia tabacella Ragonot) as injuring tobacco in Algeria.
In this country it has also been observed by Professor McCarthy as
mining in the leaves of horse nettle (Solanum carolinense) on the
margins of tobacco fields, and is recorded by Mr. Quaintance as min-
ing in the leaves of tomato and in the leaves and boring into the
fruit of the eggplant. We have, therefore, as its food plants, potato,
tobacco, horse nettle, tomato, and eggplant; and as its localities, east-
ern Australia, New Zealand, California, Colorado, Florida, South
Carolina, North Carolina, and Virginia.

In Florida the leaf-miners make their appearance about the last of
May, and are said to occur as late as October. There are several
generations each year. In southern Virginia the writer found full-
grown larve in the lower leaves of tobacco plants about the margins
of the fields as late as November 2. The insect was not known to
tobacco growers in that vicinity, and when one prominent and excep-
tionally well-informed tobacco planter was shown these leaf blotches
he said: ‘‘That is not the work of an insect, but is what we call
‘wet weather rot,””” and appeared surprised when the writer pulled
apart the two surfaces of the leaf and showed him the little worm.
At that season of the year the little mining caterpillar was something
over a quarter of an inch in length and of a dull greenish color, with
darker head and thorax.

REMEDIES,

Professor Quaintance has shown that in Florida this leaf-miner,
when feeding, does not pass its entire life in one place, but after eat-
ing for awhile it will gnaw to the outside, and then crawling around
over the leaf, will finally enter the tissue again in a newplace. From
this habit of the insect, it at once becomes evident that it will be sub-
ject to destruction by an arsenical spray, just as are the caterpillars
which uniformly feed externally upon the leaves. Moreover, from
the faet that in Virginia and North Carolina it is frequently well on
into July before the tobacco crop is planted out, the early generation
of the insect must be passed in some other food plant. Where horse
nettles are present in the vicinity of the fields the insects will feed in
the leaves of this plant, and the second generation will attack the
tobaceo fields. The destruction of all horse nettles, then, about June 1,
will be a practical measure which will reduce the numbers of the
split worms in tobacco to a minimum.

Although this insect has not been found in the nightshade and the
jimson weed, it is altogether likely that it will also attack these weeds,
and their destruction, therefore, is equally to be recommended. -

The insect doubtless passes the winter in the leaves as a larva or a
pupa, and the advisability of destroying old, blotched leaves which

LA, 8. Olliff, Agr. Gaz., N. S. W., September, 1892,



140 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

have no value is at once evident. Clean culture in this direction
is advisable on other grounds, and is certainly desirable as a means
of reducing the numbers of this species.
The partial synonymy furnished to the writer by Lord Walsingham

is as follows:

_ Solanella, Bdv.

~ Gelechia terrella,' Wkr. Cat. Lip. Ins. B. M., XXX, 1024 (1864). Bryotropha sola-
nella Bdv., J. B. Soc. Cent. Hort. 1874; Rag. Bull. Soc. Ent. Fr. 1875, XXXV~
XXXVIL QGelechia tabacella, Rag. Bull. Soc. Ent. Fr. 1879, CXLVI-CXLVIL
Gelechia solanella, Meyr. Pr. Lin. Soc. N. S. W., 112 (1879); N. Z.Jr. Sc., II, 590
(1885). Lita tabacella, Rag. Bull, Soc. Ent. Fr. 1885, CXI-CXII. Gelechia sola-
nelle, Meyr. Tr. N. Z. Inst., XVIII, 166-7 (1886). Lita solanella (Olliff), Agr.
Gaz. N, S. W., II, 158-9 (1891).

CUTWORMS.

Tobacco is no less subject to the attacks of cutworms than are many
other crops. Grown in seed beds, as it is, and set out in newly plowed
fields in the summer, the plants are naturally attacked by the hungry
worms, which for some days at least had existed in the soil deprived
of food. It is a’'common experience with tobacco growers, as well
! as other agricultur-
ists, that cutworms
are always more
numerous in fields
left in fallow for a
period before being
planted to certain
crops. There is a
greater variety of
vegetation in such
fields, and the
moths which lay
the eggs which pro-
duce the cutworms
are more apt to be
attracted. Tobacco

— o = growers who have
F1G. 22.—Peridromia saucia: a, adult; b, ¢,d, full-grown larvee; e, f, .
eggs—all natural size except e,which is greatly enlarged(original). p lanted their fields

to clover after the
removal of the tobacco crop are also apt to find that there are plenty
of cutworms present the following season. Those who plant winter
grain, however, find that the following crop is less liable to damage
by cutworms. This indicates the relative value of different crop-
ping methods. It is a comparatively simple matter, however, to rid a
field of cutworms before planting out the tobacco, and as a measure of
safety this course may be followed to advantage. After the field is

1Oldest name but a homonym.
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plowed and ig bare of vegetation and ready for planting, if the tobacco
grower will thoroughly spray a patch of grass or weeds with Paris green
and water, and will then cut it and drop it in little bunches here and
there throughout the tobacco field, he will find that the cutworms in -
the soil, in the'absence of other food, will eat this cut poisoned vege-
tation and will be destroyed, so that
the tobaeco plants can be set out
without fear of damage.
Without such preventive treat- -
" ment (and especially when, as indi-
cated above, the land has grown up
with weeds, grass, annd other wild -
vegetation) before the planting out
" of the tobacco crop, the result will
frequently be the cutting down by
the cutworms of a large proportion
of the tobacco plants; and the
writer has known of instances
where more than one-half of the F16. 2.—dgrotis ypsilon, one of the tobacco
cutworms: a, larva; b, head of same; c,
crop had to be replanted. - adult—natural size (original).
Some farmers, instead of a poi-
soned trap of green vegetation, prefer the so-called bran-arsenic mash,
which originally came into use as a remedy against insects in Cali-
fornia, where it was successfully used against the California devastat-
ing grasshopper. It was first tried against cutworms in California
"also successfully. In the East tt has been used against cutworms
affecting different crops, and with the greatest success in southern
Virginia against the Amer-
icanlocustor gra,sshopper In
the tobacco field it has also
been successfully used against
cutworms in Florida. The
bait, or mash, is prepared by
thoroughly mixing Paris green
and bran at the rate of 1pound -
of Paris green to 50 or 75
pounds of bran. Just before
‘ = using, it should be moistened
e el Sy, MRy with water and eweet-
Rept. U. 8. Dept. Agr.,1804). ened with molasses. . The
: : Florida custom is to put a
small ring of the poisoned mixture around each newly set plant, or to
place a teaspoonful at two or three different places. Cutworms pre-
fer this poisoned mash even to green vegetation. It should be
renewed frequently, and fowls or live stock should not be allowed
access to it. Mr. Quaintance recommends that where seed beds are
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badly infested with cutworms the poisoned bran should be drilled
along in various parts of the bed where it will be readily accessible
to them. The bran-arsenic mash produces the best results when it
is used as we have recommended for the poisoned-vegetation trap
to rid the land of cutworms before the tobacco plants are transferred
from seed bed to field. In this case the land is prepared before-
hand, and a little of the mash is dropped in the drill near the place
where the plant will be set. Prof. W. G. Johnson recommends that
this should be done from
three to five days before the
plants are set out.

A numberof different spe-
cies of cutworms may be
concerned in this damage,
and some of the character-
istic forms which have aec-
tually been found in the to-
bacco field are illustrated in
figs. 22, 23, and 24.

OTHER TOBACCO LEAF-
FEEDERS.

Several insects of less
x & economic importance than
R i those which we have already
F16. 25—The cabbage Plusia: a, moth; b, full.grown  mentioned are occasionally -
l(ao:-‘:;’nai') ?upa, with its cocoon—natural size found feeding upen the
leaves of the plant.

The so-called cabbage Plusia (Plusia brassice Riley).—This insect
(fig. 25), which ocecurs in most parts of the United States and has a
number of different food plants, has been found in tobacco fields in
Maryland, feeding upon the leaves, by Mr. F. C. Pratt, of the Divi-
sion of Entomology, although not in sufficient numbers to give it a
high rank as a tobacco insect. It is one of the species which is
readily destroyed by the arsenical spray.

Mamestra legitima Grote.—This insect (fig. 26), which is allied to the
cutworms, feeds exposed upon the foliage of different plants. Itslarva
isavery handsome caterpillar, bright yellowin color, with velvety-black
longitudinallines. It has never been recorded as a tobacco insect, but
was found rather abundantly by the writer in tobacco fields in southern
Virginia upon the leaves, which, in some cases, were badly ragged.
This insect can also be easily destroyed by the arsenical spray.

The tobacco thrips (Thrips tabaci Lindeman).—This minute insect,
which sometimes does considerable damage to onions and which has
been popularly known in this country as the ‘‘onion thrips,” was
originally described, in 1888, by Professor Lindeman, of Russia, as an
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enemy of tobacco in Bessarabia. It occurs upon many plants in this
country, but has never been found upon tobacco. although in south-
ern Russiait at one time caused much
damage to the leaves, puncturing
them and causing them to wilt. As
this insect, occurring in this country
as it does from the Atlantic to the
Pacifie, may at any time be found
upon tobacco, it is worthy of mention
and of an illustration in this connec-
tion. It is shown at fig. 27.

The ‘““white fly” of tobacco (Aley-
rodes tabact Gennadius).—One of the
insects especially noticeable in Eu-
"rope is a minute form which looks
like a small scale insect on the under
side of the leaf. Its damage to to-
bacco in Greece was demonstrated by
Professor Gennadius in 1889. A
closely allied or ideutical species oc-

F1G. 26.—Mamestra legitima: a, adult; b,
curs upon tomato in this country, but  larvafrom above; c,same from side; d,

. head of same from front; e, pupa—all
Europea’n speclmens from tobacco natural size except d, which is enlarged

have not been compared with our to- (original).

mato species, so that we can not speak

positively as to their identity. The tomato species is, however, liable
to be found upon tobacco. '

Tree crickets (Oecanthus fasciatus).—Young tree crickets are occa-
sionally found upon tobacco, eating the leaves to some slight extent.
They do no especial damage, but are worth mentioning in this con-
nection. The greatest damage done by tree crickets is occasioned by
the punctures in the stems of plants like raspberry and blackberry,
which are mmade by the females in l_a,ying their eggs. So far as known,
they have not been observed to puncture tobacco for this purpose.

In portions of Maryland these
little insects are known as

~ ““chatteracks,” presumably
from the song of the male. '
‘Themealy bug (Dactylopius -~
citrt Risso).—In the course of
greenhouse observations on

: tobacco plants at Washing-
F16.21.—Thrips tabaci: a, adult; b,antenna of same;

e ton City it has been found
¢, young larva; d,” full grown larva—enlarged .
(original). that .the common mealy bug

. thrives and multiplies alarm-
ingly upon tobacco plants. Since this mealy bug is an outdoor pest
of many plants in the South, it seems from this experience that it has

" d
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only to be brought into the-iminediate vicinity of a tobacco field to
spread upon the crop, and under favorable conditions it may occa-
gionally do considerable damage.

Plant lice.—Several. species of plant lice are known in Europe to
occur occasionally upon tobacco, and several of our American species
which affect solanaceous plants are liable at any time to be found
upon tobacco. As a matter of fact, however, we have never known
any especial damage to be done to tobacco by these insects. Late in
the autumn of the present year the terminal leaves of the tobacco
plants growing in the experimental plats of the Division of Entomol-
ogy became covered with a plant louse known as Nectarophora tabacs
Pergande. This species has been found by its describer, Mr. Per-
gande, of the Division, during the last two years upon the leaves of
young pear trees on the grounds of the Department of Agriculture,
and also upon the leaves of apple, Rumex, Leucan-
themum, and Forsythia, as well as tomato and egg-
plant. During the summer the same species was

i received from Dr. F. P. Phelps, of Mount Holly,

F;fif_sn‘;fg";“s;:;"‘(’:; Md., with the information that 5 acres of tomato

ter Binney). plants were covered with countless millions of these

lice. The writer would not be at all surprised if

in the near future considerable damage to tobacco by this species
should be reported.

The twelve-spotted Diabrotica, or *‘corn-root worm” (Diabrotica
12-punctata).—In. Kentucky, according to Professor Garman, this
small, greenish beetle, marked with' twelve black spots, which is so
common on cucumbers, squashes, melons, and other cucurbitaceous

" plants, is often found on tobacco leaves, eating small round holes. Its
larvee feed on the roots of corn, and the beetle is only a casual visitor
of the tobacco field. It can not be considered a dangerous insect by
the tobacco grower.

Slugs (Limax campestris Binney, and allied species).—Damage is
occasionally done to young tobacco plants in seed beds by slugs.
Specimens were received last summer from Dr. H. T. Fernald, the
State zoologist of Pennsylvania, which he said had very seriously
damaged some of the tobacco beds by eating the young leaves. These
specimens were submitted to Dr. W. H. Dall, of the Smithsonian Insti-
tution, who said that they were young and badly contracted, but prob-
ably belonged to the species known as Limax campestris aney, which
is shown by fig. 28.

THE CIGARETTE BEETLE.
(Lastoderma serricorne Fabr.)

Of the insects injurious to cured tobacco none approach, in economic
importance, the species- which has become known as the cigarette
beetle. The name ‘‘ cigarette beetle” is more or less of a misnomer,
since the insect not only feeds in all kinds of dried tobacco, and even
in snuff, but also in many other substances, such as rhubarb, ginger,
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cayenne pepper, ergot, turmeric, yeast cakes, rice, figs, prepared fish
food, and dried plants prepared for the herbarium.

Working as it does in all kinds of cured tobacco and living in this
substance during all stages of its existence, it damages cigarettes and
cigars principally by boring out of them, making round holes in the
- wrappers so that they will not draw (fig. 29). Leaf tobacco is injured

for wrapping purposes by being punctured with holes made both by
the larva and the beetles, and fillers and fine cut are injured by the
reduction of their substance by the actual amount consumed by the
‘larvee. The adulteration of fine cut by the bodies of the insects and
by their- excrement is also a kind
of damage, though an entomological
acquaintance of the writer insists
that he buys infested short cut by
preference, both because he can get
it cheaper and because the bodies
of the insects impart a distinct and
not disagreeable flavor to the to-
"bacco. He admits, however, that
it is a cultivated taste.

The cigarette beetle is practically
cosmopolitan, and probably occurs
in most tobacco factories in the
Southern States, as well as in most
wholesale drug stores. In the far
South this insect multiplies rapidly
throughout the greater part of the
year, and its development is practi-
cally continuous in artificially
warmed factories ‘farther north.
Observations upon the life history
of the species were made by Prof. =
George F. Atkinson some years ago, TFie. 20.—Work of cigarette beetle—reduced
when he was connected with the . one third (original).

North Carolina Agricultural Experiment Station, and more recently by
Mr. Chittenden, of the Division of Entomology. Itseems tolerably cer-
tain that there are two generations produced each year in the District
“of Columbia. . Professor Atkinson says that he has seen the beetles
in copulation in January at Chapel Hill, N. C., but Mr. Chittenden
has never seen the beetles later than November or earlier than May.
It passes the coldest of the winter months in the larva state. In arti-
ficially warmed buildings the insect is apt to be present in all stages
at almost any time of the year. Professor Atkinson observed that
_ the larvee hatch in eleven days from the time of egg laying, and that
they remain as larve from sixty to seventy days. The larva (fig. 30)
when full grown spins a fairly compact cocoon of a silky substance
covered with bits of whatever substance the insect is breeding in. In
this cocoon it soon transforms to a pupa and the adult beetles emelge
1 A98—10
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later. Mr. Chittenden has found that in a warm room the entire life
round may be undergone in forty-seven days. These insects were
reared in a dry yeast cake, however, and not in tobacco.

Tt is only within comparatively recent years that the cigarette beetle
has become at all serious to tobacco manufacturers in this country,
but it has been
increasing and
spreading  of
late, and at the
present time it
is found not
only in many
factories, but

also in ware-
F1G. 30.—The cigarette beetle: a, larva; b, pupa; c, adult; d, side view of houses, tobaecco
adult; e, antenna—all greatly enlarged, e still more enlarged (re-
engraved from Chittenden’s illustration). barns, and re-

tail establish-
ments. The writer knows of one little shop into which it was acei-
dentally introduced in some plug tobacco. It increased, entered the
show cases, and ruined a large number of high-priced cigars and cigar-
ettes. The shopkeeper was in despair, but finally, at the advice of
the writer, submitted his entire stock to fumigation with bisulphide
of carbon, and thus completely rid his establishment of the beetle.

REMEDIES,

With a small establishment like the one just mentioned, it is a com-
paratively simple matter to destroy the insect by means of the fumes
of bisulphide of carbon. The place was clean and well-swept and
dusted, and all that was necessary was to have a tight case (a show
case was used) and the entire stock of tobaccos, cigarettes, and cigars
was placed in the case in installments, and a saucerful of bisulphide
of carbon was evaporated over night. In the morning the contents of
the case were removed, the store was aired, and the next night another
lot was fumigated. For. some time after this experience the shop-
keeper in question used the same case as a quarantine box, and put
all of the tobacco which he bought through the fumigating process be-
fore he placed it on hisshelves. Gradually, however, his vigilance was
relaxed, and he has since had no experience with the cigarette beetle.

In alarge factory, however, the case is, of course, very complicated.
The average factory is not a clean place. It is frequently an old
building, roughly built, with innumerable cracks in the floors and
walls, which, in the course of years, have become filled with tobacco
dust and fragments. Even the crevices about the windows are filled
with comminuted tobacco. Frequently large stocks of tobacco are
kept on hand a long time. When the cigarette beetle has once
obtained a foothold in such an establishment, it is a matter of consid-
erable time, expense, and energy to get rid of it, and at the same time
it is as much as the reputation of such a factory is worth to allow
goods to go out containing any specimens of the insect in any form.
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There is an unfortunate and, the writer believes, wholly unjustified
‘prejudice against steaming tobacco. Experiments carried on by Pro-
fessor Atkinson in 1885 or 1886 showed that proper steaming will
destroy this insect in all of its different stages, and the practical expe-
rience of several tobacco manufacturers, whose establishments have
been visited by the writer, has indicated the same thing. With this
knowledge, therefore, barring prejudice, there is no reason why a
tobacco manufacturer should ever put out any infested tobacco. It
becomes important, however, to entirely rid his establishment of the
insect, and here nothing but heroic measures will avail. Taking a
room at a time, the floor and walls must be thoroughly cleaned, the
walls whitewashed, and all beams and floor cracks subjected either to
steaming or to a thorough spraying with kerosene or benzine, great care
being taken to avoid fire in case the latter substance is used. Ben-
zine ispreferable to kerosene on account of itsgreater volatility, in that
the establishment can' be more readily rid of the odor, but it is more
dangerous on account of its higher inflammability. The beetles are
quite inclined to fly to the light and to settle about the windows; there-
fore the window cracks should be especially looked after. With such a
thorough treatment as this, taking room after room, the writer feels sure
that the insect can be exterminated in almost any tobacco factory.

‘Where it is not desired to use steam, experience has shown that, as
above indicated, bisulphide of carbon may be used to good advantage.
With leaf tobacco such a fumigation must be very thorough to kill the
insects embedded in the mass of the leaves. Experiments made in the
writer’s office with hydrocyanic-acid gas show that it is not to be
compared in efficiency with bisulphide of carbon for this work.
While the bisulphide treatment is preferably made in a tight bin, it
may also be carried on in a tight room. In either case 1 ounce of the
liquid should be evaporated for every 624 cubic feet of space, or 1
pound for every 1,000 cubic feet. Every precaution should be taken,
however, to see that the room is perfectly tight, and also that no fire

-is allowed to enter the room until after it has been most thoroughly
aired. The vapor of bisulphide of carbon in confinement is inflam-
mable and explosive.

In cigar and cigarette factories much that we have just said will
be applicable. The tobacco, before use, should be steamed, if possi-
ble. Loose tobacco should not be left exposed at night. Boxes or
piles of cigarettes or cigars, after being made, should be covered very
tightly to prevent the access of the beetles. These precautions are
more important during May and late August and September than at
other times of the year, since at these periods the adult insects are,
flying about in great numbers. This statement holds for Virginia
-and Maryland, but for Key West and other Southern points the dates
will have to be altered.

As a matter of interest, it may be said that there is a little four-
winged fly which is parasitic on the cigarette beetle, laying its eggs
in the larva of the beetle. This parasite is known scientifically as

- Catolaccus anthonomi: Ashmead, and has been found in several
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tobacco factories. It is doubtful, however, whether by its work it
will ever rid an establishment of the beetle, but it undoubtedly helps
to prevent rapid multiplication, and consequent great damage.

OTHER INSECTS INJURING DRIED TOBACCO.

There are several beetles which occasionally affect tobacco after
the leaves are dried, in much the same manner as does the cigarette
beetle, but none of them, as we have said, approximate in importance
the latter insect. The so-called drug-store beetle (Sitodrepa panicea,
fig. 31), an insect which has an enormous range of food, and occurs
upon very many articles found on the shelves of drug stores, whence
its popular name, will also breed successfully in tobacco, although
we can not say that this substance is its preferred food. No cases’
have been brought to our attention of any serious damage to tobacco
by this species. The ordinary rice weevil (Calandra oryza), another
insect which feeds upon various stored products, has also been found
breeding in tobacco, although its importance as a tobacco insect does

-
F16. 31. —The drug-store beetle: a, larva; b, pupa: c, adult; d, adult from side; e, antenna—all
greatly enlarged, e still more enlarged (reengraved from Chittenden’s illustration).

not exceed that of the drug-store beetle, if indeed it equals it.
Another insect which, though not at all a tobacco insect, became,
some years ago, the cause of a curious litigation regarding the rejec- -
tion of a large cargo of tobacco from this country by the French
Government, is the so-called leather beetle (Dermestes vulpinus).
The tobacco in question, in numerous hogsheads, was received in
France, and upon examination it was found to have been perforated
by numbers of the larveae of this latter beetle, which had burrowed
into the tobacco for a considerable distance and transformed to pups
and later into beetles. The entire cargo was ’rejected by the French
Government and returned to America, and the litigation which ensued
«was through the endeavor to place the responsibility for the entrance
of the insect upon either the shippers or the carriers. ‘It was shown
that the tobaceco must, at some period of its journey, have been stored
in close proximity to bales of hides affected by this insect. The
larva of the Dermestes, instinctively on reaching full growth; crawls
away from its original habitat and bores into any near-by substance
to find a protected spot for pupation. In this case the larve were
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attracted by th& eracks in the tobacco hogsheads, and not deterred
by the pungent character of the contents of the hogsheads, they
bored their way in, searching for a secure place to transform.

FOREIGN TOBACCO INSECTS WHICH HAVE NOT YET REACHED THE
UNITED STATES.

In a previous paragraph we have mentioned incidentally the little
scale-like insect known as Aleyrodes tabaci as one which has probably
not made its appearance in American tobacco fields. Professor Tar-
. gioni-Tozzetti, the Italian writer, to whose work reference is made in -
. the first page of this paper, has listed 144 species of insects found in

tobacco fields of Europe and adjoining countries, the great majority
of which, however, are not important enemies of this crop and most -
of which are never likely to be brought to this country. There arein
south Europe several distinctive cutworms which injure the crop in
the same way as do allied forms in the United States; several grass-
hoppers, which feed upon the leaves of the plant, and several cater- |
pillars which do occasionally more or less damage in the same way as
do the leaf-feeding caterpillars which we have incidentally men-
tioned. In south Russia (Bessarabia) there is a tenebrionid beetle
(Opatrum intermedium) which injures tobacco by attacking the stems
underground. There are several plant bugs, several species of plant
lice, wireworms, and other forms of greater or less importance which
are recorded by the writer, but, on the whole, probably none of them
are worthy. of extended mention in the short space of this paper.

CONCLUSIONS.

REMEDIES IN GENERAL.

Upon looking over the whole ground, it seems to the writer that the
tobacco crop is not a difficult one to protect from insects. It has not
80 many insect enemies as many other important crops, and the
method of cropping is itself unfavorable to the increase of insects and

. favorable to their ready treatment. This is especially true of all
portions of the cotton belt north of Florida.

In the seed beds there is in general no great danger of insect dam-
age, but if insects should obtain a foothold most of them can be
readily and safely treated by means of the arsenical spray.

After the plowing of a field into which plants are to be set attention
should be paid to ridding the soil of cutworms. -This can he done
safely and easily. by means of the poison-trap crop or the bran-arsenic
mash mentioned in detail under the head ¢ Cutworms.” Where either
of these remedies is used it is really a matter of indifference from the
insect standpoint whether the land has been left fallow or whether
clover or small grain has been grown. The planter can really follow
just which course he thinks is best for his land without reference to
cutworms, whereas without this treatment, as previously stated, fallow
land or land planted to clover is apt to be full of worms, and the
tobacco crop will have to be in part replanted.
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At this time, or preferably earlier, it is important that the solana-
ceous weeds in the immediate vicinity of the field, and particularly
the nightshade (Solanum nigrum), the horse mnettle or bull nettle
(Solanum carolinense), and the jimson weed (Datura stramonium),
should be cut down, with the exception of a few marked clumps.
These clumps will act as traps for nearly all of the tobacco insects.
Practically all of the tobacco insects in the vicinity will be attracted
to them and can be readily and economically treated with heavy doses
. of Paris green for the leaf-feeding species and with a spray of kero-

sene and water for the sucking bugs. Large numbers of these insects
can be easily killed in this way, greatly to the protection of the young
tobacco plants when they are set out.

During the growing season of the plants in the field there can be no
doubt of the availability and usefulness of the arsenical spray. When
used with reasonable care there can be no possible danger, as has

“ been shown by careful experimental work and by chemical analysis
of sprayed plants. Poison distributers, both for dry and liquid
poison, are on the market, and the process is not an expensive one.
It is used already by many practical growers, and it seems to the
writer that the man who does not adopt it in time of necessity is
behind the times.

After the crop has been cut the stubs of the plants and many leaves
will be left. Moreover, in a warm autumn there will be considerable
suckering. All of the tobacco insects left in the field which can by
any possibility reach this sparse remaining tobacco vegetation will do
so. Most of the horn worms, it is true, have gone into the ground
and transformed into pup@, but cutworms, budworms, leaf-feeding
caterpillars, the last generation of split worms, all of the sucking
bugs and the flea-beetles, during the warm, sunny, autumn days
which precede the first killing frost will rely upon these remaining
leaves and suckers for food. This is apt to be just the time when the
tobacco planter paysno attention to the insect question, since his crop
is gathered, but it is nevertheless just the time when he has his
tobacco insects more or less concentrated, and upon worthless vegeta-
tion, which he can treat with heavy doses of arsenical poisons or even
with pure kerosene without fear of loss. There can be no doubt that
a little insecticide work at this time of the year will so greatly reduce
the number of the insect enemies of the crop that the benefit will be
felt in a marked degree the following season. The expense of such
treatment would be very slight. A single individual in a day could
cover a very large field.

- Two of the points just mentioned, namely, the use of solanaceous
weeds as traps in the spring and the treatment of mutilated plants and
suckers in the fall, have not previously been mentioned in any article
upon tobacco insects as far as the writer is aware. He believes that
both suggestions are eminently practical, and that by their adoption an
enterprising tobacco planter can reduce insect damage to a minimum.



PRUNING OF TREES AND OTHER PLANTS.

By WILLIAM SAUNDERS,
Horticulturist.

GENERAL REMARKS.

Natural laws are constant and unvaried in their operations. Our ~
knowledge of natural laws is derived from accurate observations of
causes and effects, and science offers the systematized explanation
of these observations. The science of pruning, therefore, gives the
explanation derived from the accumulated knowledge of ages of
observations and experiences of effects produced by manipulation
upon the branches and other portions of plants. When.we take into
consideration the lengthened period during which pruning has been
practiced, the general intelligence of the operators, and the countless
repetitions of similar processes ending in similar results, it is reason-
able enough to presume that a sufficient number of facts have been
observed to establish a complete science and determine principles the
practical application of which can be readily understood and easily
effected; but the frequent and apparently conflicting opinions that
are constantly being expressed by cultivators and writers on this sub-
ject prove that the operation of pruning, in its various applications,
is not generally performed from an intelligent standpoint.

Pruning is an operation of much importance in the management of
trees, and complete success is nof attained in fruit culture unless its
principles are clearly understood. Plants left to nature maintain a
reciprocal action between the branches and roots, and every branch
and leaf removed must exercise an influence either injurious or bene-
ficial; therefore no one should remove a branch until satisfied of a
reason for doing so and foreseeing the influence and effects of such
removal.

It is the opinion of many fruit growers that the most uniform and
satisfactory crops of fruit are produced in orchards where but little,
if any, pruning is given to the trees. While it is true that the
injuries to fruit trees and the losses to fruit growers from vicious and
altogether unnecessary pruning can not be estimated, yet it would
be erroneous to assert that trees should not be pruned at all. Itis
always judicious to thin out the tops of trees when the branches
become overcrowded—to thin out dead and weakly branches or to

arrest the growth of unruly or misplaced shoots; but the system,
151
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which is altogether too prevalent, of making an annual visit through
the orchard, removing or shortening branches as a matter of routine,
and clipping the tops of shoots without any special object in view will
in a few years assuredly diminish the fruiting capacity of the trees.

TIME OF PRUNING.

The season of pruning is, in some cases, an important factor in the
management of trees. Generally any time during the winter or early
spring months is chosen for pruning orchards. Where the object is
merely the thinning out of thickly branched trees the season is not of
much importance, and the work may be performed at any time when
convenient; but when it is deemed expedient to remove certain
branches for the purpose of adding additional vigor to those retained,
then much will be gained by pruning early in the fall, or as soon as
the trees have matured their growth and become deciduous. If pruned
at this time the succeeding growths will be stronger than they would
be if the pruning were performed later. Thisarises from the circum-
stance that during winter plants continue to absorb nutriment by
their roots. This nutriment is disseminated to all portions of their
structure, thus increasing the size and strength of the buds. As the
flow of sap is always directed to the extreme points of shoots, the
highest buds are most fully developed; so that, when pruning is
delayed till spring, and the points or upper portions of branches
removed at that time, all the accumulated food in these portions is
destroyed, and to that extent the plant is weakened. On the other
hand, when the pruning is performed early in the fall the buds which
are retained will benefit by the accumulated nutriment, which would
otherwise have been distributed over a greater number, and these
will, in consequence, start more vigorously in the spring, advance
more rapidly in growth during summer, and their maturity will be
materially hastened, a condition of great importance when the summer
seasons are rather limited for the perfection of certain crops.

Late spring pruning has a decided influence in retarding early sum-
mer growth; hence, the operation is sometimes purposely delayed until
just before leafing in order to diminish early luxuriance.

Branches which have become diseased from the effects of blight or
from any other cause should be removed as soon as they are observed.
Prompt removal of these will check the further progress of the malady,
which would otherwise destroy the tree.

The action of sudden freezing of immature and imperfectly ripened
wood in the fall or early winter is a fruitful source of disease. That
apparently incurable malady in plants known as ‘‘yellows,” in the
‘opinion of the writer, based on forty years’ experience, is the result of
sap contamination of these frozen points, the prompt removal of which
will, he is convinced, prevent the spread of the disease, and thus save
the plants from speedy and ultimate destruction.
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‘““Prune in summer for- fruit and in winter for wood.”

Perhaps no advice that has been given in fruit culture is so vague
and disappointing in its practical application as that embodied in the
brief, and apparently pithy, words quoted above. It is evidently
‘intended as a short, practical rule capable of general use, producing
a certain well-defined result, while in reality it is a mere expedient
that may be valuable under some conditions, and is always an opera-
tion of experiment rather than one of certainty. The principle upon
which the advice ‘ Prune in summer for fruit” is based, recognizes
barrenness in fruit trees as being the result of a predominancy of wood
growth; also that any process or manipulation tending toreduce redun-
dant growth, so long as it does not seriously involve the health of the
plant, will favor the production of floweis and fruit. By persisting
in the removal of foliage from the tree while it is in active growth
its vitality will be weakened and its general health impaired by the
destruction of roots, which always follows the destruction of active
foliage.

There are various processes applied in the management of plants
which have for their object the better production of fruit. Some of
these are known in horticulture under the technical term dwarfing,
such as grafting the pear on quince stocks, which represses the wood
growth of the former and hastens its fruiting period. Other expedi-
ents are those of root pruning, tying down branches below a horizon-
tal position, and that already mentioned, repressing growth by the
removal of foliage during summer, this last being the least definite
or direct, because its usefulness depends upon conditions which can
not always be foreseen or controlled.

In the practical application of summer pruning, ‘difficulties and
perplexities are encountered which, as already remarked, render the
operation one of uncertain result. For example, if the growing shoots
of an apple or pear tree are checked in their extension by removing
a portion of their points, say toward the latter part of June, the
lower buds on the shoots will be forced into growth, thus forming
numerous side branches, which have no immediate connection with
fruiting spurs, and which will simply tend to a further- thicket of
twigs for removal in winter. But if the shoots are not checked in
their extension until August, and the weather afterwards continues
to be warm and dry, the probabilities are that the lower buds on these
shoots will start into rather feeble side growth or short spur-like
shoots, which will ultimately furnish fruiting buds. If, on the other
hand, the season happens to be wet, and mild weather prevails
until close to winter, these same side shoots will lengthen into slen- .
der twigs which will not thoroughly mature and which will be of no
value whatever. The difficulty in reaching successful results lies in
the uncertainty as to the proper time to prune, because no two sea-
sons are exactly alike, and also because trees vary in their vigor from
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year to year. Yet, upon thisuncertain, indefinite, and constantly ex-
perimental procedure is founded the advice, ‘‘Prune in summer for
fruit.”

‘“Prune in winter for wood.” A plant in a. healthy growing condi-
tion will maintain proper balance between the roots and branches,
and any destruction of either will to a certain extent destroy this
natural balance, so that if a portion of the branches is removed after
the seasonal growth is matured the roots will to that extent have the
preponderance; the buds being thus reduced, those which are retained
will receive increased vigor, and while the branches produced will be
fewer in number they will be stronger in growth. It is questionable
whether a greater aggregate of wood will be procured from the few
buds than would have been furnished by the greater number provided
no pruning had been done, but there is no question as to the fact that
a greater degree of vigor is imparted to the fewer buds, and that it is
a well-known and valuable expedient for increasing vigor of the
growths of unhealthy and weak-growing plants. To suppose, how-
ever, that winter pruning, as a practical rule, increases the quantity
of timber in healthy trees is a fallacy. ’

PRUNING BY PINCHING AND DISBUDDING.

‘““Pinching” is a technical term used in horticultural literature,
which, although well understood by the initiated, has a very indefi-
nite meaning to the general reader, at least in its horticultural
application. It isa method of summer pruning whereby robust shoots
are checked at an early stage of growth by removing their. extreme
points with a pinch between the finger and thumb, without the further
removal of foliage. This operation retards for a time the extension of
such shoots, induces additional growths in other buds, and develops
shoots where a more active extension is required.

‘“Disbudding ” is the removal of buds or young shoots that have
not made more than one inch of growth, and it is the best practical
method of preventing growths where they are not wanted without
interfering with the health of the plant.

Pinching and disbudding are the most rational modes of dlrectmg
the growth of plants. If rigidly practiced there would be but little
necessity for winter pruning or the removal of branches, small or
large, at any time. It certainly seoms an inconsistent practice to
allow a tree to make growths of wood during summer to be cut out in
winter by saw and pruning knife, thus sacrificing and destroying
what it has been the aim of the cultivator to produce, leaving out of
the question any injury to the vitality of the tree.

Even from an economical standpoint, with reference to labor, it is
obvious that a saving will be gained by rubbing off a bud in May
instead of having to cut a branch in December. Indeed, by proper
attention to pinching and disbudding the amputation of branches
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will be rendered unnecessary, and the health of the plant will also be
maintained, which is not the case where frequent pruning of branches
is a routine practice.

The perfection of summer pruning provides for the complete control
and disposition of growth without involving any material removal
of foliage. When the extreme terminal bud of a growing. shoot is
removed growth will be checked without removing foliage and with-
out injury to the vitality of the plant. The injury sustained by a
rude and careless destruction of foliage is well exemplified in the
management of grapes, where the summer pruning is delayed until it
is considered necessary to cut from 12 to 20 inches from the point of
each shoot, so checking the plants that further growth will be slow
and the fruit fail to mature, the berries remaining green until frost.
Nothing is more certain than this, that the full and perfect maturity
of fruit depends upon a full growth of healthy matured foliage.

PRUNING AT TRANSPLANTING.

In removing trees it is all but impracticable to secure the whole of
their roots, and the larger the tree the fewer, in proportion, will be the
roots secured; it is therefore essential to the well-being of the tree
that the branches be reduced in order to restore in some degree the
correlation that existed between roots and branches previous to the
disturbing operation of removal. The quantity of branches to be
removed will of course depend upon the extent of root mutilation,
and as this is rather an unknown factor it is a wise precaution to give
the roots the benefit of any doubt by pruning the branches rather
severely.

In regard to trees from three to five years old, if lifted with ordinary
care, it will be sufficient to cut the whole of the last yearly growths
to within a couple of inches of the point from which they started the
previous spring; this will reduce the leaf surface and still preserve
‘the original contour and ramifications of the tree. Older and larger
trees, in addition to this general shortening of the young wood, and
where it is apparent that only a meager supply of roots has been
secured, will be benefited by a judicious thinning of the larger
branches, carefully preserving the form of the head and avoiding any
appearance of heading back old branches. The branches should be
thinned without leaving any trace of the operation, so far as the shape
of the tree is concerned. :

These remarks are more directly applicable to spring planting. It
has been stated as an argument against pruning at transplanting that,
since the growth of roots is dependent upon the action of leaves,
the destruction of leaves by pruning the branches will retard the
growth of roots just when they are the most needed. While this is true
in the main, yet the evaporation of ‘moisture from leaves has to be
considered. If the leaves are not abridged the juices of the tree will
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be exhausted by leaf evaporation before the roots become sufficiently
active to supply the demand. Before roots can be renewed the plant
may be completely drained of its sap, and of course perish. This is
the reason why spring-planted trees may often send out a fine show
of foliage at first, but as the summer advances and as the juices
are exhausted the whole plant succumbs; investigation will prove
that root growth has made no progress since the plant was removed.
This is not so likely to occur in damp climates as it is in dry climates
and under hot suns.

Root growth is not always dependent upon a simultaneous action
of foliage. Trees planted early in the fall, or as soon as they become
deciduous, will immediately commence to form young roots, and will
continue to do so more or less during winter. In the absence of
leaves there is but little loss from evaporation, so that the sap of the
tree will furnish material for root growth, instead of being exhausted
in the air, as is the case in early summer. The condition of the soil
is also more favorable for root growth than it is in spring, being, dur-
ing the month of October, several degrees warmer than the air, thus
favoring growth of root, while there is no tendency to growth by the
buds, so that in early fall planting very little pruning will be required.
It will thus be evident that the necessity of pruning trees when trans-
planted is greatest when spring planting is in question; but in fall
planting it may usually be entirely omitted, especially when: planting
is done immediately after the fall of the leaves.

PRUNING ROOTS.

It is an axiom in vegetable physiology that the production of flower
buds depends upon the presence of nutritious matter in sufficient
abundance for their support; but to solve all the causes which will
influence a plant to convert some of its buds into flowers while others
will produce shoots is a difficult matter. There are, however, certain
facts established by observation upon which reliance can be placed,
and upon which practices have been founded with a view of hastening
the period of fruiting in plants.

One of the most apparent facts connected with this subject is, that
a rapid growth and a fruitful habit do not simultaneously exist in
the same plant. Young, vigorous trees do not fruit to any extent,
while those that from any cause receive a check to growth will become
fruitful; hence, it has been given as a rule that whatever produces
excessive vigor in plants is favorable to the formation of leaf buds and
unfavorable to the production of flower buds; while, on the other hand,
such circumstances as tend to diminish luxuriance and to check rapid
vegetation, without affecting the health of the individual, are more
favorable to the production of flower buds than of leaf buds.

Many expedients based upon similar observations have long been
practiced by cultivators; such operations as ringing branches, root
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pruning, and bending luxuriant growths have been familiar to many
generations of fruit growers.

When a tree has attained to a fruit-bearing size and shows no indi-
cations of fruiting, but continues te maintain a vigorous growth of
branches, and is evidently barren from excessive luxuriance, a judi-
cious root pruning will have the effect of encouraging the formation of
fruit buds instead of wood buds. ‘Trees in this condition, if root
pruned about the first of August, will receive a check to growth which .
will cause the formation of fruiting buds during the fall and show a
flowéring disposition the following spring. '

Some Asiatic conifers, such as the Japan cedar (Cryptomeria japon-
ica), continue their growth 8o late in the season that they are overtaken
by frost to the injury of leading shoots. Many of the evergreen trees
from the Pacific coast suffer in a similar manner. These plants are
apt to take a second growth when the weather is moist and warm dur-
ing the fall, which growth is mostly destroyed by the first frost. Root
pruning in August will prevent this late growth, and the trees will
‘pass through winter without injury. The operation is performed by
digging out a circular trench at a distance of from 3 to 6 feet from the
stem, accarding to the size and age of the tree, and from 2 to 4 feet in
depth, cutting all the roots that may be encountered or can be reached.
If but few strong roots are met with, and if it appears evident that
strong taproots exist, the soil should be undermined with a sharp
mattock, severing all the strong roots that can be reached; the soil
is then returned, being well firmed as the trench is filled, and the

process is completed.
PRUNING HEDGES.

The only form in which a hedge can be kept, to be of service as a
fence, or as an ornament, or for purposes of shelter, is that of a pyra-
mid. When it has attained a height of 5 feet it should be about 3
feet wide at its base, or surface of the ground, and all pruning should
be directed with a view of securing this form.

When the plants are first set out in line they should be pruned or
shortened to within 2 or 3 inches of the ground and allowed to grow

- undisturbed during the first season. At the end of the yearly growth,
the plants should again be pruned down to within 6 or 8 inches of the
first pruning, any side or horizontal growths pruned within an inch
of the main stem. During the growth of the second season the hedge
may be partially shaped by an occasional pinching out of the points
of stronger upright shoots, but preserving every shoot and leaf on
the weaker side growths. In thus repressing the upright shoots and
encouraging side growths a breadth of base will be secured, which at
thls stage is most important. During the following winter the hedge,
if it has progressed favorably, may be pruned into shape, that is,
formed into a pointed pyramid, the sides being from 8 to 10 inches from
the center. These operations are in accordance with the principles
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that summer pruning will arrest growth to some extent, and that
winter pruning will encourage the production of strong growths. By
keeping these factors in view a hedge can readily be shaped with-
out' much destruction of growths, and as readily maintained in a
pyramidal form; but if the more upright or top shoots are allowed to
predominate, the lower side shoots will soon lose vigor, and thus the
hedge will lose its efficiency as a barrier and its beauty as an object
of ornamental utility.

These details apply to deciduous plants, of which the Osage orange
is an example. Evergreens, such as the arbor vite, require less labor
in preparation or training and maintenance than deciduous plants,
as most of them naturally assume a pyramidal form, and by a prac-
tice based upon the principles already noted good hedges can easily
be produced. The main points are to keep the top of the hedge
shaped to a point and allow the sides to expand sufficiently, so that
all parts of the hedge surface be exposed to light. Very rarely will it
be necessary to trim more than once a year, and the best time for the
work is just before the commencement of growth in spring.

PRUNING STREET TREES.

The ideal street tree is one having a straight, well-defined, central
stem throughout its entire length, with side branches regularly dis-
posed around it and subordinate to it. Trees grown in this shape
will withstand fierce storms and sudden bursts of wind without
injury. Not many deciduous trees naturally assume this form, but
by timely pruning when young they can be greatly helped to approach
it. This training process should commeénce while the tree is young
and growth easily controlled. Not later than the second year after
planting a careful inspection should be made after the leaves fall,
and if more than one shoot seems developing to leaders, select the
fittest and remove the tops from the others; also cut the points of
any side branches that appear to require checking, so as to maintain
symmetry in the tree. Practically, the training process should com-
mence in the nursery, where the growth of a leading shoot should be
maintained and all side branches kept back by pinching their points.
These should not be removed entirely, as they tend to strengthen the
main stem, and can be removed later. The tree should remain under
nursery culture until it has reached a height of 8 to 10 feet, and at
transplanting all the side shoots should be removed by cutting them
close to the main stem to a height of at least 6 feet. No further prun-
ing will be necessary at this time.

The removal of all lower branches is rendered necessary, in order
that they may not interfere with the proper use of the sidewalks and
streets, but such removal has a tendency to weaken the main body of
the tree and diminish its powers of resistance against the sweeping
blasts to which street trees are oftentimes subjected. This trimming
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up from below will require attention for a number of years, because as
the lower branches extend they will droop at the ends and become an
interference. The points of these drooping branches may be removed
for a time, but this will afford only temporary relief, and ultimately
the whole branch will have to be removed by cutting it off close to
the main stem, but this should not be done until it becomes absolutely
necessary.

The best method of pruning large trees in cities is sometimes a
.difficult question to decide. As a rule, the worst treatment they can
receive is to cut off their tops, ‘‘heading down ” as it is termed; when
this involves the removal of heavy branches, so as to leave a mere
skeleton of stumps, it not only destroys the beauty of the tree but
induces decay, especially with trees that do not speedily send out
growth immediately below the cut. Heading down is objectionable
in so far as it causes a low, dense growth, not desirable even as shade,
and increases the liability of destruction from windstorms.

When trees become thickly branched and crowded as to space they
are not improved by cutting the ends of the shoots, which merely
aggravates the evil. They should, rather, be judiciously thinned by
the complete removal of some of the branches. A skillful operator
will remove one-third or more of the branches of a thickly set tree, so
that the ordinary observer will not perceive that any pruning has been
done, the tree looking as natural in its ramifications as if it had not
been disturbed, and this should be the aim in all pruning operations -
as applied to street trees. _

There are some trees that respond more satisfactorily than others
after severe cutting back. Of these, the two species of Platanus
(buttonwood), P. occidentalis and P. orientalis, may be specially men-
tioned. They are well fitted for wide streets or avenues. Their
branches are wide-spreading and far-reaching, and they should not
be set within 25 feet of a building; even at that distance the horizon-
tal branches may, after a growth of ten or twelve or more years,
become objectionably large, but they can then be pruned back with
~ great advantage. _

This pruning is performed by cutting back the lower branches to
within, say, 8 feet of the main stem, gradually shortening this distance
as the operation proceeds upward until it terminates at a point at top.
Trees treated in this way will start young growths at every cut regu-
larly and evenly over the entire system, and after the growth of one
year will present a mass of fine foliage, bringing out fully the pyram-
idal shape, which will increase in beauty for many years without
further attention as to pruning. The best time for this work is imme-
diately after the trees become deciduous. Perhaps no other trees will
endure this kind of cutting back so well as these buttonwoods.
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PRUNING TREES FOR TIMBER.

In growing trees solely for the sake of their timber there will
be but very little pruning required, and that mostly to regulate
growths when the trees are young. The object being to secure length-
ened clean trunks, instead of short stems and bushy tops; it follows
that an upright leading shoot should be encouraged, and all other
branches kept subordinate. In the case of a young tree producing
several upright, or leadirig branches, the best placed and most central
should be selected as a permanent leader and all others checked by
pruning a small portion from their points. Trees that are planted
purposely for timber are set quite closely, so that they may become
crowded and drawn up to tops with but few side branches. Of course,
they arethinned when they become overcrowded by cutting off all weak
side branches quite close to the trunk. The soonersuch branches are
removed the better; if not over 2 inches in diameter when pruned the
wood will heal over them and knots in the timber will be largely pre-
vented. All dead branches should be similarly taken off close to the
trunk, so that they may sooner be covered over with sound wood. For
the same reason this pruning back should be performed early in the
summer when -the healing-over process will be most active, and decay
will be prevented.

PRUNiNG FLOWERING SHRUBS.

The only pruning that may be considered essential for ordinary
shrubbery is that of thinning out the plants by removing old branches
that are about destitute of young growths. The worst treatment
they can receive is that of shortening the summer growths during
" the fall, especially that of shearing them into round, stubby forms
with hedge shears, at once destroying the natural, graceful beauty
of ‘the plants and removing the best of their flowering shoots just
as they are preparing for an abundance of blossoms. For example,
the Forsythia, usually a free-growing, hardy plant, will make shoots
several feet in length during summer, covered with flower buds
toward fall, and prepared to blossom profusely early the following
year. Any pruning-which shortens the shoots simply removes the
flowering wood and can not in any degree benefit the plant. Deut-
zias, Spireas, Weigelas, and similar flowering shrubs require the
same kind of treatment. The bushes should be kept rather open,so
that the brancheés may receive full benefit of light and air. This is
effected by pruning out some of the oldest branches or thinning out
some of the young shoots where they are too dense, and these should
be cut close to the base of the plant, which will encourage the growth
of vigorous flowering branches, thus keeping the plant floriferous
from year to year.
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PRUNING RASPBERRIES AND BLACKBERRIES.

The fruiting canes or shoots of these plants decay after the ripen-
ing of the fruits and new canes are produced annually which bear the
following season. In other words, they are biennial. The canes grow
up in one season, produce fruit the next year, and then die. These
old canes should be cut and burned as soon as practicable after the
fruit is gathered; they are of no further use to the plant, their removal

_allows freedom of growth to the young canes, and their destruction by
fire effectually disposes of eggs of injurious insects that may be lodged
in the old wood and bark.

One of the most important operations in the pruning of raspber-
ries is that of stopping the upward growth of young canes. When
these have attained a height of between 2 and 3 feet the extreme
points are pinched so as to remove the terminal bud. This, while
checking the upward extension of the cane, will promote the pushing
of side or lateral shoots from the lower buds, and wheén these attain
a length of 10 or 12 inches they should be checked by pinching their
points; these side shoots will produce the forthcoming crop of fruit.

When the plants are three or more years old they will send up
several young canes. These should be thinned to 10 or 12 inches
apart, selecting the best and destroying all others as they appear.

After growth has ceased in the fall, shorten the side shoots to about
10 inches. This early fall pruning will be specially important if the
growth has been suddenly arrested by frost, as the frozen immature
points, if not promptly removed, may lead to a diseased condition of
the canes. Early fall pruning will prepare the plants for winter
covering in localities where protection is necessary.

The ripening period may be extended by cutting down some of the -
canes to about 18 inches in height or pruning back the laterals to
three or four buds after growth has started in spring; the buds which
are’left will make a later growth, and consequently the fruit will be
later in ripening, but this extension of the ripening period will be at
the expense of both the size and quantity of fruit produced.

The blackberry may be treated in a similar manner, with the ex-
ception that in summer, pinching the canes may be left until they are
5 feet in length; the side shoots may also be allowed greater latitude,
and the young canes may be given a space of 15 to 18 inches apart.

PRUNIN'G GOOSEBERRIES AND CURRANTS.

The gooseberry produces fruit from spurs which form on the older
parts of branches, the best and largest usually on two-year-old wood.
The plant should be kept in the form of a low spreading bush having
six or more branches, which should be 10 inches apart, and rather
open in the center, so that the branches may fruit uniformly their
entire length, which they can not do if densely crowded throughoul;

1 A98—-—11 .
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The main object in pruning these bushes is to promote and main-
tain a sufficient number of healthy, vigorous fruiting spurs, and as it
is found that spurs on wood over four years old are vastly inferior to
those on younger stems, a system of renewal should be followed
whereby young branches will take the place of older stems to be
removed. There will be no lack of young growths for renewal pur-
poses, as shoots are constantly being produced from the base of the
plants. Select one of the strongest of these, prune it back in the fall
to about one foot in length, taking care to prune to a bud which points.
outward, so as to preserve the spreading habit of the bush. The
growth of the following season should receive similar treatment, the
leading shoots shortened back, and any side shoots cut down to within
an inch or so of the main stem. After the third year this new branch
will take the place of an older one, which is to be cut out from the
base. The annual pruning consists in cutting out all side shoots and
shortening in the leading points, which should be performed during
the fall, the sooner after the leaves decay the better for the crop.

In all respects the currant should be pruned similarly to the goose-
berry. Gooseberries and currants are propagated from cuttings of
the young wood made into lengths of about 6 inches, set in the ground
so that the topmost bud will appear level with the surface; except in
extreme northern districts they should be set out in late September.
Previous to planting, all the buds should be cut out except the two
uppermost; this is to prevent the growth of root suckers, which other-
- wise become troublesome in the proper management of the plants.

PRUNING THE APPLE, PEAR, PLUM, AND CHERRY.

These trees are similar in so far as they produce their fruits on
spurs which develep on wood of two, three, or more years’ growth, so
that their treatment in regard to pruning should be very similar in
the main. If the tree has been properly pruned at transplanting, the
first summer will develop the foundation of a well-defined top. As
this result depends upon the arrangement and equality of growth of
the young shoots, these will require attention, so that in the event
of any of them showing a superior vigor, to the detriment of others of
equal importance for future branches, the points of such shoots

" should be pinched off; but in so doing let there be as small a removal
of foliage as possible, the object being not to materially weaken, but
merely to equalize, growth. If the pinching and disbudding has been
intelligently and systematically followed, there will be no necessity
for winter pruning, and by pursuing the same general treatment dur-
ing the second summer the foundation for a properly formed tree
can be well established. If more branches are deemed necessary,
they can readily be obtained by pinching the points of leading shoots
during the earliest stages of growth, which will cause a growth of
side shoots, of which a selection is made and others rubbed off. It is
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not well to start a young tree with a great number of branches, as
they soon become crowded, to the great injury of the plant with refer-
ence to fruiting. A young tree managed as above described can be
as well established in three years as it can in five years where the
foundation of the plant is sought to be obtained by winter pruning
with the shears or pruning knife, entailing the total loss of much
of the vital energy, instead of utilizing the entire growth in per-
manently building up the tree.

This system also encourages the formation of fruit buds. There is
nothing more certain than that by pruning back the ends of yearling
shoots the fruit-producing period is retarded and the fruit-producing
capabilities of the trees abridged. Fruiting buds will not be formed
where the shoots are pruned to a few buds, which are thus forced
into the production of more shoots instead of forming fruit spurs;
this would speedily occur if the buds were left to tkeir natural mode
and condition of growth. ’

It is perfectly practical to train a tree to any desired form without
having recourse to winter pruning. When training is performed
while growth is active, and the position of a branch is directed
according to the wish of the operator, either by pinching the points
of a growing shoot or by removing buds where shoots are not
required, the greatest amount of vital energy is economized; but
where the growth of a whole season is undisturbed until the wood is
matured, and probably one-fourth or even more of these yearly
growths is destroyed, there is a positive loss of time, labor, and
material for which there isno compensating advantage, to say nothing
of its depreciating influence on the future of the tree.

As the trées advance in age they will become somewhat crowded
with branches, some of which can be removed from time to time as
seems necessary for the well-being of the trees; but this thinning
should be done judiciously, and only a small portion removed during
any one season. ‘Yearly inspections should be made, and those
branches that have become destitute of fruiting spurs, except at their
terminal points, should be preferably cut out in thinning and a young
twig allowed to grow up and furnish new fruiting branches in the
way of renewal. There will be no lack of young shoots for this pur-
pose, as they will sprout from the base of the cut branch, and the
strongest and best placed should be selected if it is desired to intro-
duce a new branch; if new branches are not desired, all such growths
should be removed as they appear.

The plum and cherry are very liable to gum exudation when the

. knife is used in pruning branches of any considerable size, conse-
quently the training of these trees should, as far as practicable, be
controlled by pinching and disbudding. Some varieties of both of
these species, when in a healthy condition, will make shoots several

- feet in length in one season, and under general treatment these

~
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growths are pruned back after the wood is matured, otherwise, long
naked branches would result. The proper management is to pinch
the points of these luxuriant shoots when they have extended about
2 feet, which will cause the pushing and growth from the lower
buds. Such of these shoots as are required for branches should be
allowed to extend, and all other growths pinched at their points when
they have made a growth of 2 mches these latter will in time form
a nucleus for fruiting spurs.

The main object in the pruning of all these trees is to economize all
the growth, to procure additional branches by arresting the extension
of shoots while vegetation is active by pinching or removing their
extreme points without waste of foliage, and by rubbing off buds
where shoots are not required, instead of allowing an accumulation
of yearly growths to mature, then removing and throwing them forth
as waste, in furtherance of pursuing a reckless operation called winter
pruning.

PRUNING THE PEACH AND NECTARINE.

The peach and nectarine produce their fruits on young growths of
.the preceding year, so that one of the aims of the pruner is to secure
young growths fairly distributed over all parts of the tree, and to
render these valuable by an arrangement of theé main branches, which
will result in the full exposure to light of all parts of the tree. An
unpruned peach tree will in a few years exhibit the appearance of a
few long, comparatively slender branches almost destitute of foliage
or fruit except at their extreme ends, and which are likely to break
down with even a moderate crop. '

A young tree during its growth the first season after planting will
require but little care; presuming that it was closely pruned when
planted, it may be allowed to make all the growth possible; the greater
the amount of foliage the more will roots be extended, so that a good
basis may be established for the future well-being of the tree. Pinch-
ing may be necessary so far as to suppress the extension of any of the
shoots that seem to interfere with uniformity of growth. If pinching
has been performed when necessity indicated, there will be but little,
if any, winter pruning required, and then only to shorten back shoots
in order to maintain regularity in the formation of the future tree.

The principal treatment of peach trees, so far as pruning is con-
cerned, is that of shortening back the new growths yearly, especially
the strongest shoots. This is in many ways beneficial, tending to
reduce the fruiting buds so as to prevent an overabundant crop,
which is to be avoided so far as possible; it also tends to keep the
trees low, which renders it easier to harvest the fruit, as well as keep-
ing the trees in proper form. When the heads become too thick, as
they probably will from the pruning of young shoots, they can be
kept in shape by cutting out some of the older branches well back to
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short stubs, from which young shoots will be produced, and in this
way the entire head can, from time to time, be renewed.

Trees that are apparently worn out and have nothing but a few
pole-like branches, unhealthy of growth and destitute of fruitful
shoots, may be renovated by cutting them down to stumps, when a
new head will form of vigorous growths, and in time become fruitful,
bearing large-sized fine fruit. Peach trees that make a late growth,
and are  caught by frost when their leaves are still green and the
points of shoots succulent, should have the points of the shoots pruned
back at once, removing all of the immature points. This will save
them from being affected by diseases which follow the freezing of

unripened wood.
. PRUNING THE GRAPE.

The grape, like the peach, fruitsonly on the young wood made dur-
ing the preceding year; so that the salient point in pruning the vine -
is to provide for the retention of a sufficient amount of young wood
to secure a crop. The time to prune is immediately after the leaves
fall. This early pruning is important, especially in climates where
the season is barely of sufficient length to ripen the fruits, as the
spring growth will be more vigorous, will afford a better showing -
of fruit, and the shoots will advance rapidly in growth and attain
maturity sooner than would be the case if pruning were de]ayed toa
later period.

The pruning of the grape is sometimes modified to the method
adopted for training, but all methods of training must conform to
certain principles of pruning if the best results of fruiting are
expected.

Any system of training which depends upon the retention of wood
more than three or four years old as a foundation will be deficient in
permanent success. The best fruit is always obtained from the
growths of leading shoots, as compared with that produced from side
shoots on older wood, such as are the result of what is known as spur
pruning; the fruit from these side shoots will be a week later in
ripening than the bunches produced on heavier wood on the terminal
or leading canes. Hence, the best method of pruning is to arrange
for fruiting on the vigorous terminal growths only, and not. attempt
to produce fruit on side shoots that have borne fruit, but remove
them entirely, cutting them off so close to the central cane that no
further growth will proceed from the main stem at that point.

This mode of treatment may be further explained: Starting with
a one-year-old plant set out in the spring, in favorable soil, it will be
allowed to grow the first season without the removal of shoot or leaf,
and a good root formation will thus be secured. At the fall pruning
all of the growths are to be cut close down except the strongest, which
should be cut back to four buds. This ends the first season. When
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growth commences the following spring numerous shoots will proceed
from the plant; after these have grown 6 or 8 inches in length, pinch
the points from all except the strongest, which is to be allowed to
grow undisturbed, and which will form the fruiting cane for the fol-
lowing year. The summer treatment will consist in pinching the
point out of the leading shoot when it has reached a height of 4 or 5
feet; then it will be allowed to grow during the remainder of the
season. The smaller shoots around the base of the plant should be
kept shortened, but not entirely removed.

At the winter pruning the leading cane is to be cut back to 4 feet,
and all the smaller shoots cut close down to one or two eyes. This
ends the second season. The main cane will fruit the third year, and,
in general, the fruiting shoots should be allowed to extend at will, ex-
ception to be made if any one of these should be apparently growing
more vigorous than the others, when it may be checked by pinching
out its point of five or six leaves beyond the bunch of fruit. The
main shoot should be allowed to extend until it reaches a length of 4
feet, when the point is to be removed, and afterwards no further
summer pruning will be necessary. Among the lower growths select
the strongest and encourage it by repressing all other shoots, and, as
it extends, submit it to similar treatment as the main shoot received
the previous summer. . At the winter pruning all the side shoots that
proceed from the main cane, whether they fruited or not, should be
removed, cutting them so close back that no buds will be left for
further growths. The leading cane and the cane which has been
produced from the base of the plant should be cut back to 4 feet
in length. This terminates the third season.

Two fruiting points are now available, and the lowest cane should
be tied to the part which fruited last year; this will give a fruiting
space 8 feet in length, composed of two distinet shoots. This system
can be pursued indefinitely, a new cane being brought up from the
base of the plant annually to maintain material for fruiting canes.
The older canes should be extended yearly, so that their terminal
shoots can be utilized for fruiting; all wood that has fruited should be
removed, and after using a main service branch for three or four years
it should also be removed. by cutting back to the neck of the plant,
thus keeping up a renewal of shoots as far and as long as necessary.

As to summer pruning or pinching back the young bearing shoots,
on any system of management, the less done the better. Fruit will
form on weakly shoots, which in many cases should be removed, as
these shoots will not ripen, remaining green, even when the fruits
will color up and appear ripe; but it must be realized that properly
ripened fruit can not be obtained from unripe shoots, even though the
fruit appears to be ripe as far as color is concerned.



POLLINATION OF POMACEOUS FRUITS.

By M. B. WAITE,
Assistant Pathologist, Division of Vegetable Physiology and Pathology.

INTRODUCTION.

The failure of orchards to yield satisfactory crops from year to
year after reaching the normal bearing age is of frequent occur-
rence, and although adequate explanations can often be given for such
failure, yet the reasons are sometimes very obscure. In the course

~of other investigations the writer has demonstrated that cross polli-
nation is an important factor in the production of pome fruits, and.
his experiments, begun.in the spring of 1890 and continued in 1892
and 1893, opened up an interesting line of work in this connection.
This paper consists of a brief review of the principal results of the
work on the pear, published in Bulletin No. 5 (*‘The pollination of
pear flowers”) of the Division of Vegetable Physiology and Pathology,
with additional infermation obtained in the experiments of 1893 and
1894, and a fuller discussion of the apple and quince.

HISTORICAL.

More than one hundred years ago there was published in Germany
a remarkable book by a botanist named Sprengel, in which was
shown, as a result of observations, the important part played by
ingects in the pollination of flowers. This author even observed that
in certain species of flowers cross pollination takes place, but he did
not understand the importance of crossing, and in fact regarded it
as simply accidental. Later, Andrew Knight, a famous hybridizer of
plants, concluded that nature intended that crossing should take
place between neighboring plants of the same species, but it was not
until the master mind of Darwin attacked the problem that the true
value of cross pollination and of the interesting modifications of
floral structure for this purpose became known. One of the ways by
which the benefits of crossing are insured to plants is through their
sterility to their own pollen. Some fifty or more species of plants
are already known to be more or less completely fruitless when only
pollen from the same plant is applied to their flowers, although the
same plants mature fruits and seeds when pollen from another plant
is used. From what follows, it will be seen that there is a very
strong tendency to self-sterility in the pear and apple, the tendency
varying in the different varieties.

\
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CROSS POLLINATION OF PEARS.
DESCRIPTION OF THE PEAR BLOSSOM.

The pear flower has all the organs of a typical blossom, these
being arranged in fives or some multiple of five. It consists of five
brownish-green sepals, five white or pinkish petals, twenty stamens
in four whorls of five each, a five-celled ovary, and five styles and
stigmas (fig. 32). The young green pear grows underneath the showy

F1G. 82.—Enlarged section of a Bartlett pear flower: st,style; sp, sepal; f, filament; a,anther;
s, stigma;. p, petal; d, disk; ov, ovule.

part of the blossom and looks like a swelling of the flower stem. In
the center of the flower is a small, greenish-yellow, saucer-shaped
disk, as shown in fig. 32, d on which the nectar is secreted. Extend-
ing through the center of the disk down to the ovary are five styles.
The ovary contains the ovules, which are small, light-colored bodies
that grow into seeds when properly fecundated. The ends of the
green styles and a short strip down one side are rough, and this fea-
ture fits them especially for receiving and retaining the pollen. When
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seen under a magnifying glass this roughness is found to consist of
minute, finger-like projections. The stamens, which surround the
edge of the disk, terminate in small, roundish bodies, the anthers.
These contain the yellow pollen, and are very complicated, being
made up of four cells, as may be seen by examining a very thin sec-
tion. When mature, the anther splits at the partition, the latter
shriveling away, and the pollen comes out in two masses, as if the
anther weve two-celled.

F16. 33. —Cluster of Bartlett pear blossoms (natural size, from a photograph).

FUNCTIONS OF THE DIFFERENT PARTS OF THE BLOSSOM.

The nectar is secreted copiously in the disk, often filling the cup
with a large drop, and serves to attract bees and other insects, as
does also the poilen. The white, showy petals are a guide to the
insects, and as the flowers grow in clusters (fig. 33) and the clusters
are numerous, a tree in full bloom attracts insects from long distances.
When a bee alights on the flower the stigma brushes from its hairy
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coat some of the pollen which adhered to it in previous visits to other
trees, and, if these trees were of a different variety, the flowers are
thus cross pollinated. The pistils mature two or three days before
the stamens of the same flower, and the fully expanded stigma often
protrudes through the petals before they are open, thus becoming pol-
linated from some earlier-opening
flower before the pollen of its own
flower is ready—another means
by which eross pollination takes
place. Soon after its protrusion,
the stigma secretes a sugary
fluid, often in sufficient quantity
to be quite perceptible. In this
the pollen grain readily germi-
nates and throws out a slender,
thread-like tube, which grows
downward into the pistil and
through specially soft tissue,
adapted to its growth, until it
reaches the ovules. Here it en-
ters an opening in the two outer
coats of the ovule and comes in contact with
the germ cell, or egg cell. A number of inter-
esting and complicated changes now take place
in the protoplasm of this cell
and in the end of the pollen
tube. A part of the contents
of the latter actually passes
through the cell walls into the
egg cell, which, under this
stimulus, immediately begins
to grow and divide, ultimately
developing into the germ of the
Fic. 3.—Bud of geed. This stimulus not only causes the seed to grow,
:’i‘:fa’:;:;;:e " but also the surrounding fruit, the latter depending
moved, showing upon seed development in most cases. In some cases,
g:::cu"&eft:::i however, the growth of the pollen tube may help to
size). stimulate the fruit to develop independently of the
fecundation of the ovule, which may or may not after-
wards result, and this probably accounts for the fact that many little
fruits begin to develop, but afterwards drop off.

F1a. 3+.—Buds of Bartlett pear.

Fi16.35.—-Flower of the Bart-
lett pear (natural size).

EXPERIMENTS IN CROSSING.

The writer’s first experiments to determine the usefulness of cross
pollination in securing the fruitfulness of pears and other pome fruits
consisted in preventing insect visits and the entrance of foreign pollen
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by placing bags made of paper, cheese cloth, or mosquito netting
over the buds a day or two before they opened, that is, when they
began to show the white of the petals, but before any

great number of blossoms opened. Great precau-

tions were taken not to bag any flower which had

opened sufficiently to expose the stigma to insects. A

much more exact method of making experiments of

this'kind is to carefully hand-pollinate emasculated

flowers. This method was followed in all experiments

after the first series. Full-grown, unopened buds,

like those shown in fig. 34, were selected for the pur-

pose. With a pair of fine, sharp-pointed scissors, or, Fﬁ?&fﬂ"‘;’;’aﬁi
still better, a small, sharp knife or a scalpel, the out- pear, showing only
side floral organs, including the calyx tips, petals, f:::_lﬂs‘i’:eﬁws (nat-
and stamens, were removed (figs. 35, 36, and 37).

The five pistils, which were unharmed by this process, were then
pollinated and at once covered with a paper bag, this being fastened
around the stem with a
piece of soft copper wire,
to which the label was at-
tached. All unused flow-
ers were cut off the clus-
ters. The pollinating was
done by picking out freshly
opened anthers from the
flowers with a pair of small
forceps and rubbing the
pollen masses upon the
stigmas. Usually theblos-
soms from which the pollen
wastaken were cut directly
from the trees and carried
about in a paper bag, but
in some cases the prefera-
ble way was followed of al-
lowing the flowers to open
and burst the anthers in a
warm room free from flies.
After the fruits were all
set the number resulting
from the different kinds of
pollen were tabulated, and

F1G. 38.—Bartlett pear cross pollinated with the pollen of .
the Easter pear. from thisthepercentagesof

efficiency were computed.
Very early in the experiments it was found that some varieties of
the pear, such as Anjou, Clapps Favorite, Bartlett, and Winter Nelis,
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were unable to fruit when covered with bags, or, in other words,
when insect visits and foreign pollen were excluded. Thekind of bag
used, that is, whether of paper,

Fi1aG. 89.—Self-pollinated Bartlett pear.

cheese cloth, or netting, seemed to
make no difference in the results,
but in later experiments some dif-
ference was observed in favor of
net bags as compared with paper
bags. The latter probably con-
fine the flowers too closely, but as
all the hand-pollinated flowers were
covered with this kind of bag and
still set an extremely high percent-
age of fruit, it is evident that they
could not have caused any pro-
nounced injury. On the other
hand, in the case of the net bags,
there is the possibility of small in-
sects passing through the meshes of
the net and introducing foreign pol-
len. The results obtained with the
varieties above named were veri-
fied by very careful hand pollina-
tions of emasculated flowers, the
work being done at Brockport,
N.Y., in 1891, at Chestnut Farm,

Va., and at Rochester and Geneva,
N. Y., in 1892, and at Parry, N. J., and again at Rochester in 1893.

DISCUSSION OF VARIETIES IN THEIR RELATION TO CROSS POLLINATION.

It is well known that the so-called varieties of pears are propagated

by budding, grafting, or by cuttings
from some original seedling. For
instance, all the Kieffer pear trees in
the country have been propagated
from portions of the original Kieffer
tree, which grew near Philadelphia
from seed, and therefore, strictly
speaking, they are all portions of
the same individual and of the same
original seedling. The same is true
in case of the Bartlett, Anjou, and
all the other varieties, or, in other
words, our horticultural varieties of
fruit trees propagated by budding
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e “°
o “~ -
oe |

G

F1G. 40.—Seeds from crossed and from self-
pollinated Bartlett pears: a, from crossed
pears; b, from self-pollinated pears.

or grafting or by cuttings are all parts of an original individual
seedling and do not inherently differ from it.
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Among the sorts which were found to be more or less completely self-
sterile are the Anjou, Bartlett, Boussock, Clairgeau, Clapps Favorite,
Easter, Howell, Lawrence, Louise Bonne de Jersey, Sheldon, Souvenir
de Congress, Superfin, and Winter Nelis; and among those more or
less self-fertile are Angouleme,
Bose, Buffum, Flemish Beauty,
Heatheote, Mannings Eliza-
beth, and Seckel, and, in the
South, Kieffer and Le Conte.
The two last varieties are
especially ineclined to self-
sterility in the North, particu-
larly in cold, wet springs, but
in Southern locations they
fruit heavily, even in large
blocks where no other vari-
eties are near. The writer is
not inelined to attach much
importance to the striet classi- F'1G. 41.—Section of an apple blossom.
fication of pearsintoself-sterile
and self-fertile varieties, as the more he experimented along this line
the more the results tended to run the two classes together. The kinds
classed as self-sterile, like Anjou and Bartlett, yielded a small percent-

age of fruitin favorable

seasons with self-polli-
nation where the trees
were in good soil and
. were well pruned and
well cultivated, while
the sorts classed as
self-fertile, like Angou-
leme, Seckel, and Kief-
fer, were almost self-
sterile in unfavorable
seasons. The question
therefore arises as to
whether pears which
grow to such perfec-
il tion in California, as
g T Bartlett, Clapps Fa-
I1G. 42.—Baldwin ap%l:] li’ilg);,se foil;g;t.ed with pollen of the vorite, and Clairgea.u,
do not find the ecli-

mate of that State so favorable as to be self-fertile.

The crossed and self-pollinated fruits resulting from most of the
experiments were collected and studied and quite perceptible differ-
ences were found between them, consisting essentially in a better
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development of the blossom end of the crossed fruits, and narrower,
slimmer, and less pyriform self-pollinated fruits. This is well illus-
trated in figs. 38 and 39, which
show a typieal cross and a self-
pollinated Bartlett. Another
interesting point brought out
by these studies was that the
self-pollinated fruits had only
small, abortiveseeds, or, incom-
mon parlance, were seedless,
while there was an abundance
of seeds, often the full number,
ten, in the crosses (fig. 40).

In the self-pollinated fruits
of late varieties there was a
tendency to wither when ripen-
ing, while the crossed. fruits,
. TS = gathered at the same time,
Fra.43. —Large specimen of self-pollinated Baldwin  ripened well. The fruits not

i bagged on the trees were also
carefully observed, and as a rule were found to agree with the crosses
rather than with the self-fertilized pears.

CONCLUSIONS REGARDING CROSS POLLINATION OF PEARS.

The following is a brief summary of the conclusions drawn from
the experiments and already published in Bulletin No. 5 of the
Division of Vegetable Physiology
and Pathology:

(1) Many of the common varieties
of pears require cross pollination, be-
ing partially or wholly incapable of
setting fruit when limited to their
own pollen.

(2) Some varieties are capable of
self-fertilization.

(3) Cross pollination consists in '
applying pollen from a distinet horti-
cultural variety, that is, one which
has grown from a distinet seed, and
not in using pollen from another tree
of the same grafted variety, which is
no better than that from the same tree.

(4) Self-pollination takes place no
matter whether foreign pollen is present or not. The failure to fruit
with self-pollination is due to sterility of the pollen and not to mechan-
ical causes, the impotency being due to lack of affinity between the
pollen and the ovules of the same variety.

FiG 44.—Small specimen of self-pollinated
Baldwin apple.
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(5) Varieties that are absolutely self-sterile may be perfectly cross
fertile.

(6) The condition of nutrition and the general environment affect
the ability of the tree to set fruit either with its own pollen or with
that from another variety.

(7) Pollen is transported from tree to tree by bees and other insects
and not by the wind.

(8) Bad weather during flowering time has a decidedly injurious
influence on fruitage by keeping away insect visitors and affecting the
fecundation of the flowers, and, conversely, fine weather favors cross
pollination and the setting of the fruit.

(9) Pears resulting from self-fertilization are very uniform in shape.
They differ from crosses not only in size and shape, but also, in some
cases, in time of ripening and in flavor.

(10) Among the crosses the differences were slight or variable, so
that the variations can not be ascribed with certainty to differences
in pollen.

(11) Self-fecundated pears are deficient in seeds, and the seeds pro-
duced are usually abortive. The crosses are well supplied with sound
seeds.

(12) Even with those varieties which are capable of self-fecunda-
tion the pollen of another variety is prepotent, and unless the entrance
of foreign pollen is prevented the greater number of fruits will be
affected by it.

(13) The normal typical fruits and in most cases the largest and
finest specimens from both the so-called self-sterile and self-fertile
varieties are crosses.

CROSS POLLINATION OF APPLES.

In connection with the experiments on pears, a large amount of
work was done on apples, this being possible because of the apple blos-
soms beginning to open just as the pears go out of flower.

DESCRIPTION OF THE APPLE BLOSSOM.

Apple blossoms are borne in somewhat smaller clusters than pear
blossoms, there being usually only six flowers per cluster. The flow-
ers also vary more in size than do those of the pear, the central one
often being much larger, shorter stemmed, and earlier than the others.
This is especially striking in the King apple and other early-blooming -
varieties. The apple blossom is more highly developed than the pear
blossom, and on account of its delicate perfume, higher coloration, and
larger size is more attractive to insects, especially to the larger bees..
It is formed on the same general plan (fig. 41) as the pear flower, the
only striking difference being that the bases of its stamens are enlarged
and hairy, and instead of curving outward they all draw together
toward the center, and fit closely around the styles. By this arrange-
ment the nectar disk is completely covered, and hence only the larger
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insects, such as bees and bumblebees, which can force the stamens
apart and reach the honey with their mouth parts, can make use of the
blossoms. Large bumblebees very seldom visit the pear, and when
they do, they soon fly away; but they work continuously and in large
numbers on the apple. In the writer’s opinion the honey from the
apple blossoms is superior in flavor to that from pear blossoms. As
apple blossoms are more attractive to insects than pear blossoms, it is
probable that the latter, in the evolution of these plants, were forced
to bloom earlier, so that the bees might not be attracted away from
them. In fact, the pear blossomn could not compete with the apple
blossom for insect attention if obliged to open at the same time.
Apple blossoms are certainly abundantly visited by insects, but in
western New York the writer noticed that although the first trees to
bloom were well covered with bees and bumblebees, yet when the
main body of the orchards came into flower there were not enough
for all the trees. This is liable to be the case where an orchard is
very large and in sections where apple growing is the main industry.

Notwithstanding the higher development of the apple blossom, more
of the pear blossoms set fruit. A set of 5 or 6 pér cent of an average
bloom gives a heavy apple crop, 10 to 15 per cent being rare, while
13.3 per cent isthe average set for pear flowers, or one fruit per cluster,
the latter averaging about seven and a half flowers each. The apple
being ordinarily a larger tree and a more vigorous grower than the
pear, it is usually less within the orchardist’s control by methods of
cultivation and pruning; inother words, it is much better able to take
care of itself than the pear.

EXPERIMENTS IN CROSSING.

The methods followed in the work on the apple were the same as in
the experiments with pears. Some of the flowers were emasculated
with the scalpel and hand-pollinated by applying the open anthers to
the pistils, while others were simply covered with bags made of paper,
cheese cloth, or mosquito-net, from forty to sixty of the three kinds of
bags being used on each tree. In a general way the results were sim-
ilar to those obtained in the experiments with pears. The division of
the varieties into self-fertile and self-sterile sorts was not nearly so
well marked.

. Crossing gave decidedly better results in all cases than self-pollina-

tion. The Baldwin, which wa$ experimented upon freely, may be
cited as a variety that comes as near being self-fertile as any, and yet
even this is far from being entirely so, for in the best trees the per-
centage of fruit resulting from self-pollination -was not more than one-
fourth of that which resulted from crossing. Some of the Baldwin
trees in fact seemed to be self-sterile, and trees of all the varieties
occasionally set self-pollinated fruit.

The few clusters of Nortons Melon experimented upon indicated
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that this variety, which produces the choicest apples as to quality, is
quite inclined to be self-fertile. This was also found to be true in the
case of Seckel pears, and indicates that high quality is not necessarily
associated with self-sterility. On the other hand, Rhode Island Green-
ing, Talman Sweet, Esopus Spitzenburg, and Twenty Ounce gave very
poor results from self-pollination, but quite a number of the trees of
these varieties experimented with refused to fruit even under the
stimulus of cross pollination. This occurred but a few times in the
experiments with pears, and in such cases the appearance of the foli-
age and the growth of the tree usually indicated that something was
wrong, but there was no apparent reason why the apple blossoms
on these particular trees should refuse to set fruit.

The apples resulting from some of the experiments were collected
and studied, and the results were found to be parallel with those ob-
tained in the experiments with pears, the crosses being larger, more
highly colored, and better supplied with seed (fig. 42). For example,
the hand-crossed Baldwin apples were highly colored, well matured,
and contained abundant seeds, while the self-fertilized fruits were -
only slightly colored, were but one-fourth to two-thirds the regular
size, and seedless. The crosses were, in other words, like the better
specimens of apples, not bagged, from the same trees, and the self-
fertilized fruits corresponded with the undersized, poorly-colored
specimens.

The unsatisfactory character of the fruits obtained from se1f~p0111-
nation (figs. 43 and 44) was more pronounced in the apples than in the
pears, and gave still further evidence that self-pollination is not to be
relied upon for apple production, especially in unfavorable seasons.

CONCLUSIONS REGARDING CROSS POLLINATION OF APPLES.

The practical conclusions drawn from the experiments with apples
are the same as those from the work on pears. There are so many varie-
tie